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Chupoar 5

WATER SUPPLY ASHORE
Bection L WATU NUUPTh

no Problem Of Pure Water --------------------------------------- I-
Sources of Water ---------------------------------------------------- 5-2
Quantities of Water Required-----------------------------------------s-I" ,
xsentwa Phase Of Water Sanwtation-----------------------------------8- 4
Responsibility for Water Supply----------------- ---------------------- 5-

Mor. P.zz u zuI water:amm-----------------------------------5
5-1. no Ptblem of un Waterreliable source beeauss of the great uoraita

(1) Ahygleicaly 3%f and ontiuousl do. to the quantity and quality of water0"wlbeon
tinuouuly available. Surface waterIsMr 104Mpendable water supp4~ ss one ofthe vital necessities abnntndimoeusplbetoqntale

oflife. Water. like other natural resources, Is pro- an ultaiesuy. so It Is used far mo; large
curda a raw material, manufactured Into a comn- supplies Rainwaer "Ac san water we used at ad-

modity suitable for use, and distributed to places of vace bases when owace and ground mouce aren
consumption. In North Americn cities the design of Indqae 72 ""a utladnrqie de-
waterworks and their sanitary control by public pnson thne quality sand MMe of the water, and myf

heathagecis hvebeen so develoPed that water var fro simpe chlorination to elaborate treashoot
supplies today mre pure and abundant This has to reov mierl as well as Iasetals and cosr
been accomplished only at great ezpense and the oganisms. The water Purifieatim on k M In pains-
safety of these municipal supplies Is ensured by the nent stations are similar to munisiat Planta
erection of multiple barriers stainst the afece of nulpmenit for advanced bases, on the other beand, Is
disease "n by uninterrupted vigilance against the especially designed for mioblhity and dillt~ of
development of aanltsiy haars It Is the respondi- operation.
bilty of the Navy Medical Department to make srem
that barriers to the spread of waterborne disease 5-3. Quaiitflte of Water *equired
In the Department of the Navy are adequate.

(2) Actually, drinking water must be free of dis- (1) The per ceplia coams tan an 1111eaIMUE
ease-producing organisms, poisonous chemicals, and depends on the cliMate. the standard 49 lifts Nkalm-

Ob~etioablecolr. dor.or ade.Aliwt- tained, and the extent to which water Is Mosd for
objectionbl cooidre dor org utiss.Al unrete & nusra opea~lm. On edslAidned base with
weialoter os conside ediunsated reapresnttved.b a dequat bathing and laundy tufcitl~eS, watus Son-

medial oficr orhis esinate repesetatie. urption for all ordinary use averages from 711 Ile

5-2. Sources Of Water 150 gaslon Per oa~ta. dailt (mod). A figure Cf NO5
god may be rememberied as typleal To thi asput

(1) Water for naval stoatons In the United States maust be added the wmUaties required for the oeris-
is often purchased from a nearby municipality, tiou of water-consmmlng Industries or for semplya
Since this Is normally safe water, the water sanita- the Beet. The need for Anr fighting, where sopbelld
tion measures on the station are directed toward by the potable wMate symsem, an ftiled f&am xtaelle
prevention or discovery of defects In the distribution reserve by WMm Of PWAIUpb feglISLts NOme
system which might lead to contamination of the water also eompensates for the centinedualt ame-
product. Where municipal supplies me net avail- tio111 In demand, thus making ponsible the isMM
able or ame inadequate, the Department of the Navy and economical operetle of Pumps and treagu
builds and operates the complete system, which In- works. fte distribution sysimem Is designed be Pro-
chides collection, puri&ia~tion, and distribution vide for peek quantities, which ama exceed, th
works. Protection of the source and control of average by several hundred percent, 611d to 1111001
purification then assume an Importance equaling larg quanutits owaterS for fir nounai where the
that of preventing recontamination during distri- potable supply Is used for thi pjances
bution. (2) At advaimed. basso water NOWts ma-

(2) T7he sources that may be uttibsed me rain- ally reflects a comproimsebetweena Azzr;
water, ground water, surface water, or saf waer. abundaso =An a raotlal mainimum for svr
Oround water Is commonly preferred, but is an un- aperotlom. Rainwater aid sma water we modS at
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espedelaib o~ for *mobltq & simplicityof tafrmwd"suc.

40d Inn *~s~rxmtl readily avallable, use rwface-water sourcessa s

we useo leprovide at loift26S 350 but mnime bstmio wells to use ground-water mournsa. Development ofemolosesfo or at nowly established basso only new ground-water sources Is not Practical for troops& frOgMe Of Othi SMmAm MAY IMP Mads availa. on the move. Plor tear-echelon units. a ground-
WOM ditiftlf Is the opser ny scomes o fresh water source is usually best, especially In waes"MtrodInalloed. The minimum Gaily where surface-water sources are higt aontmi-

aso~ia t = Intemnporay coamps and on ad- nated as, for example, in China, the Philippines.
vapoo burns isO I-a Whim the awply Is limited to ftdia, Japsa &Md other parts of Adsa
so anooo Mb1 If an potable water can be usned (5) As a last resort. when no trash waterSee 11,mIs or beathibf, mmfu water require- source can be found, use distillation to purify sam

deio a~mieau-bet usudal Isouth. aye estab- water.
ý.Vdsml at N Sallies par msdical treatment bed per (b) Design of supply and distribution works to

exclude contamInation by -liminating all oonnec-(3) foth UsGld. the -es ad water are apt to be re- tlrni or openings through which nonpotable water
s~If$to theme that are abooloatey neesmary. One might be pumped. sucked. diverted, or flooded Intosoalon Per man Per day ner be tean se the absolute the Potable water system.

satmoss: 1% qoaris for drisif between meash, (c) Provision at adequate and well-designed
2% goarle for Gosea aN for drinking at meas. and maintained water purification facilities.
IMM SWaUM Per Omn shMu be considered the de- (d) Maintenance of proper operating and lab-

mW O dnu unider adverse conditions. It baa oratory control of purification processs.
b"~ 41100011 tbat 1110shI no mach thing as aecli- (e) Proper disinfection of all new pipelines and
mtation to beiu*m amounte of water. The equipment and of all lines that have been opened forwae nw lroeente; of the human body ane as abso- repair or alteration.
hlb us Noese of a Mtm locomotive in that water (f)I Routine analytical checks on the potability

aog~me be I Ice only at the sacrifice at of water to discover sanitary defects, supplemented
OmRer cutIut. Plorbumenre, the desire for water by Prompt and positive corrective action when
Mten sharpW dafti periods of nervous strain, Indicated.

Wheni under Anr or In actual oombat, men connnoe (g) Periodic inspection* of sources, facilities,
1110" ' U ýat wat If afte water or the means and practices to ensure the effectiveness of waterof WAUMimim Wre not ava~lla. the danger of sanitation. Failure to carry out any of the above
&tEkf ecntesinaed vwae is greatly Increased measure properly may permit, sooner or later, the
4.wt seek Ise`eM 72f, an provision of an occurrence of that unfortunate combination of air-86W UMly bea Positive nmeer In the proven- cuanstancee that produces waterborne epidemics.

of c watierborem diseses.
(W Obseminemal It maw be noosey to Proid 5-5. Reeponsibility for Water Supply

WW tebefr anioas dr vehicle freet the eniply of (1) Where water-suppy system. are concerned,
p1111"01 V116er. bet thi amly w ntpreet o the Bureu of Medicine and Surgery determinesarm 0 - i dfb nm the 5 quntywil VOT3 free standards of environmental sanitation aNd other30 adoeas per I5 Pe dow Ise 0.5 gallon per'ehicle measures for safeguarding the health of navel, per-PUO ' dayMA des Gadtins sonnel. The Bureau of Yards and Docks, the Marine
&_C. 2amt~W ph&a" of Water lnItatieno Carps, and other cognizant bureaus comply with

requirement. of the Bureau of Medicine and sur-(1) Wate sanitation Mesasures may be divided ge2y and so far as Practicable, with State and local
Into asthembibwl 6668godese health and sanitation laws and ordingance. The(a) Odelstion of a maw-water sources at good bureau having management control of a shore so-Quality and one which Is subject to reasonable Pro- tivity where water-supply systems are located spon-tection from severe contonoination. When Water Is acr all Projects in connection therewith. Thereadily avallebl In an area and all sources awe free Bureau of Yards and Docks la responsible for plan-

Of ImaMm IMrPtMN.9, thefllowin rules should ning the structural features and for determiningIi eshsting the source the character and adequacy of construction mate-
(1 t) opopulate areas, use established public Mainj used for water-supply system. in designing

sytMM to the fullest extent awmhlsent with the and constructing such &a sytem, the Bureau of Yards
00lity and ease at Procurement, and Docks Provides facilities capable of viieting the
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) water requuirmnts of th aaeetcnr xsetclriefrs(oendleyb wp

bureau. af thse WSW).
(2) Tim commanding oftier Is responsible for all (a) te type amd denit at 5,U.lif (YIIW

phases a,: say, supply. On continental and over- bacteria. ProtM.- hetlloth. eSOL) Mi kk species
samshiore sttions. bel gistated by the public works resistivity to eblortne.
offce ot maintenance officer and medical Ofie. At (d) th ue t 0i1 Witaot of ahe oiganlm WM
Navy installatioLl the public work offier le re- the chloirbWa
sponsible for the design, construction, operation and (e) the temperature of the &Wae, asaIt doer-
maintenance of the waterworka. At Marine Corps glne both the Mae CC reaction of chlorine em10-
managed installations the maintenance ofuer is pounds and the rate of killiof organlMs. and
responsible for the operation and maintenance of (f) the concenrautimonfc estbatnce whoa. rooid
the waterworks. The medical oller. assisted by oxidation by 013clneIM M manifstDO S, a "abled
his sanitation offce or environmental sanitation demnand.".
technicians baa the responsibility of advising when (a) it to generally accepted tAt, oC the unier-
any Phase of water sanitation Is unsatisfctorY and borne diseases., those whom causative orgMSMSi are
of recommsending corrective meswares. Under nor- bacteria are the m0* readily mUcepibi to chlorine
mal conditons. adequate Protection of water qualty disinfection On the other band. 11e WOO Of
can be obtained through cooperation of the medica xadas"oeb fttstowM are the mand resistat.
offier and the public wovk offier or maintenance Therefore, two parallel - f OMOI oir iw-
offce. It is wise. however, to confirm recommend&- sidual chlorine awe made. the lwowe afts 0111100t
tions and actions In written communications to the for bactericidal purposes MAn the MAIN ONs Nd-
commanding oMfce. ficlent for cysticidat purposes. The fInmatshould

(3) The medical officer's resporslblllty for water be routinely used for all wate MWPls where Only

greatly with the situation. During the iniia phase latter should be instituted as the prevailing WWIer-
of amphibious operations, each unit may either carry nation practice w~heseversismilga 01etismee0 h@0
Its own water or depend on local supplies disinfected Indicates endmincity of nosubastesal watesorne

In Lyster bags an canteens. The resonsiblity for diseases such as sansblsis and Mnet*Bein 1ePaitIs.
the adequacy and safety of the water under these Such Informationa exss su a mgs that 4WeUIde
conditions falls largely on the unit medical oilicer, ressduals awe also virucdeal.
He must take part Ininita W% Un for Operations (S) ZeCaUse Of *Awsll-Ooou4MOCd raiWIV 0
and arrangemente for supplies and must Indoctrinate disnfection by free avallable chlorine as sompare
afl bands In the fundamentals of water sanitation with the dlower kill effected by Whe chloraIMUne
"an water discipline. The unit cosmmander may de- (combined available chlorine).* a distinction sa'nt be
pend upon the recom ,mendations of the medical made betwee the required coneesutiationm of
officer In locating sources of Wate and supervising chlorine aid chkwormines. Cblorinhtimi as a ftee
its treatment and distribution. When filtration or residual should be practiced an widely es pON110.
distillation equipemet has been brouht in by the £4) Figure 5-1 shows a single linellr hebactiledal
Marine engineers or by the construction battalions, chlorine residuals over the-Mtvesrture raNge 0-
the responsibility for water treatisat shiftis to these 260 C. The saw, is true ler beekTroiddal chloramelne
organizations. thus reducing the need for such close residuals. Also shown cn figur 5-1 ane a= Is Lw
supervision by the medical officers at their repro- cysticidal residual for free chlorine for the low and
sentatives. Linter on. when the advanced baes has rnora temperature ranges. Figure 5-2 (20-5 C.)
boon well esftablished. the nrmalW division of re-an 5-3 (22-25 C.) are supplmsentar charts In-
sponsibility between the public works or engineer dicating the lengt of contact time reuired for
offce and the medical officer develops. cysticidal kill with stated residuals at stated PH

(4) sadtisacoy Wate santaionS In the fildm resw values.
almost, entirely an thorough planning uAn prepara- (5) it In emphasise that the only true guide to
tion. ASl unanticipated problems must be solved proper chlorinatIon i the bacteriologicel quality of
on the spot. A report of diffiulties or failures may. the finished produet. The adoptio and mante-
however, lead to improvements In preparations for anene of minimum chlorine resduals should not
later operations. minimise meande never replace baetelrllosieal

5-6.Cbdflu Reiduls n Wtu uppies analysis as the trlt measure of potability. Only
5-6 Chorie fesiual InWatr ~during actual at potential outbreekts of waetrborne

(1) 61x major variables have been shown to effect diseases is the applleios~i .i ofhlesina refiduail
the effiacy of chlorine disinfection: throughout the entire w~a a-distribution etIn

(a) the types and concentrations of the chlorine fullyjusAtied. Puring mch rod the twe~sielemm
form present. centratlon should be maintained at levesh bfter

(b) the equlibium relationshlpa betweeno- than these maintained In routline practise.

21WI
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Section nl. WATER SOURONS

T psa of Water So re5------ -- --- ---- - -- ------- - -11
Ground W ater -- -- - -- - -- -- -- --- - -- - -- - - -- - -- --- l-
surfacesW ater - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 5-14
ea" w ater -- --- - -- - - -- - - -- -- - - - -- - -- - - -- - -- 5-15

D ow -- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - 5-16
V " S~t&Ate - -- - - -- - -- - -- - -- - - -- - - -- -- -- - -- - 5-17
snow and I *- --- - - -- -- - - - -- - -- - -- -- - - -- - --- la1
Selection of source -- - - -- - -- - -- - - --- - -- - - -- -- - -- -10
Zoereatisoisl Use of "Vatershads. --------------------- 5-90

5-11. Type. of Water Sources The volume derived depends on the sebicMes
(1) A satisfactory water sourc 0is one with a nat- are and on the amount of raInfall. A rose of

ural supply Of Water larg enough to supply all needs thumb for the volume in gallons that may be rseso-
of using troops, and of such quality that It can be ered fromi an lImpervious surface squals the hortac.-
readily purified by available equipment. Sources are tal are in square feto mudliplied by oms half the
classified an follows: rainfall in inches. In order to make this amount, c

(a) Rainwater: catchment. water available. storage must be provided to hold
(b) Ground water: wells and springs. water for use during the periods between raIML
(c) Surface water: streams. ponds. lakes, and Rainwater may be stored either above or belo

riven.ground in any convenient tau* or container. btzr-
(d) Sea water: distillation. Ing rainwater in underground cisterns, reduces evape-
(e) Dew: condensation on cool surfaces. ration and keeps the water cooler mand ccmoequuk*
if) Vegetation:- coconut. wild pineapple, end more palatable. Storage receptacles hpould be pro-

4.A~4l5.tected from dust and dirt and fsu contamination
(g nwn o:hest. by polluted surface or ground water. They should

(2) The typ of water sources most frequently be covered or Screened to prevent moesqute bred-
foundItn various climates are listed below: lng Or the entrance Of veMINIA

(al~ Hunkid, temperate climate, Surface and (1) The Surfaces Iso which1 rain3 Is 0ollecte aUe
ground water. usually subject to contamination by birds. animsali.

(b) Arid climate: ground water and m-no and dust, and, U at ground level, by human wastes.
sources. The first rain which falls during a stor flushes

(c) Tropical climate. surface water, ground these substances from the surface aid consequently
Water, and min sources. should be diverted to waste. To avoid any pand-

(d) Coral islands: ground and saf water. bility of unsafe drinking water being provided, rain-
(e) Arctic climate: surface water, sce, and Snow. water should always be considered unsafe and dIould

be treated accordingly--by Afitration. It possible,L5-12. Raiwater and always by chlorination so that the quality will[ (1) Because of Its freedom from minerals (soft- conform to the standards established for drinking
new), rainwater Is frquently ulseful fo Cooking water from other sources.
bathing, and for laundry use and boilers However, 51.Gon aeIt lacks Palatability and may contain dissolved gases 51.Gotn ae
as well as dust particles and bacteria swept from the (1) Water In the InterstIces of saturated earth
air. As a source of fresh water it Is important only and rock Is known as ground water. The water

pon small Islads or in Isolated places where ground table Is the upper level of the - ofo saturation or
water is Salty and surface water Inadequate. Under the level at which water stands In wells. The
these conditions, where the requirements are Small ground-water body is fed by IDfltmatiMonf rein and
and precipitation heavy, rain may furnish an Ads- melting Snow and Is deplseted by flow frme .ea
quate supply for all uses. In man places it will withdrawals from wello, and seepagre Into smaps
prove valuable In augmenting the supplies from and streams. No more water can be continuouly
other sources. Rainwater, however, Is Subject to the taken from the ground than that amoun~t whicho
Same quality controls as other sources of drinking enters by infiltration from the surface. The rafte of
water. lateral movement through the ground, andl thc She

(2) Rainwater is collected from the usual type of rate of withdrawal from the wells. Is governed IV
Impervious surfaces Such as roofs, concrete pave- the porosioty of the earth. Large vledesa wof rnd
ments and aprons, and barren rocks or freom areas water are obtained from. propely coastUeted wells
rendered Impervious by Suitable paying, penetrating beds of gravel and saense sand or

Augfust INSs 54-
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we emd cavenous roek. Wel in cla y or deoe 5-14. Surface Water
UWaSuMd reok Thld littlwater. Artesan waters (1) Surface-water supplies are obtained from
rtM &Mom pRmM skta overlaid by conflning beds of ri. streamsN ham ponds sand pool. Since the
Wprvioes elay or rock. amoumt and quality of water available from a sur-

(2) 9e•ek ur d water on volsanic or coral is- face source varies widely as the season changes, it
IN& Um01ly 7 zecum a lewo floativ an the salt may be necemary to Investigate the history and
wal. MwT h e tn actcU.,' of fresh accretions of habits of a stramm or lake before placing too much
reater from tie mirfae *-A the elevation of the dependence upon • t• Eaborate hydrological studies
wala" WIM above sa level holds beck the salty should precede the choice of the source for a lare
water. bhe removery of this water Is beet accom- supply.
lisd by mem of wells dug on high ground near (2) Surface sources are supplied by runoff follow-

the in der C th Island. If possible, the water Ing storms and by the flow or savage of water from
imoudberemovd at low tde by a skimming procems the ground. During rainy weather streams are

ar b1 uiple low yied wells which will prevent turbid and polluted with material washed from the
lowering the water table sufMcently to pull salt ground surface. Because of the rapid movement
WOar up from below. Brackish water will appear in and Interference with natural purifying procese
them walk If the level ts drawn down to or below during floods, sewage and other contamination may
em level for any considerable period of time. A be carried for long distances. Dry-weather flow

broad shallow Well In coral. a tunnel or gallery into consists primarily of ground water; so stream are
vol•ane rock not extending below sea level, will clear and -ere highly mineralized during dry pe-
prevent excessive drawing on the well. riods. Self-purification processes are most active in

(2) The quality of ground water in determined by a clear stream, and, though the dilution of sewage
the physical characteristics of the ground through and other wastes Is reduced during dry weather, the
which it pases, the surface topography, the land recovery of stream purity may take place in a rela-
ues or environment, and the time of storage in tively shorter stretch of channel. A normally slug-
the water-bearing formations that are unsuitable gish stream is high In organic matter and may be
for the maintenance of bacterial life. The normal odorous because of dense algae growths and the
soil-parcolation processes filter out suspended mat- formation of sludge banks. Such streams are poorer
ter and bacteria, but at the same time add chemicals sources for a water spply than are clear swiftly
that sometimes require extensive treatment to eliml- running streams, particularly those mountain
nate. Bacterial activity in the soil removes organic strfeamsand lakes remote from Inhabited areas.
matter and -eplaces the oxygen with carbon dioxide However. little credence should be placed in arbi-
generated by decomposition. The carbon dioxide trary statements such as "running water purifies it-
renders the water weakly acid, and in the presence self In 15. or 20, or 100 feet," because such a state-
of limestone, coral, or other soluble rock the mineral ment is misleading, as nothing is known of the
content of ground water may rise to high le 'els. In amount of contamination, sedimentation, aeration,
area where cavernous limestone or volcE.nic rock or dilution.
are near the surface, water may enter through sink- f3) Surface water must always be disinfected and
holes, fissures, and other openings. This water re- should receive such additional treatment as the situ-
tains the objectionable characteristics of surface ation Permits to render it free of turbidity, tastes,
water, such as high turbidity and bacterial content, and odor. In areas where ameblasis is prevalent,
and its character is little improved by movement all water should be filtered and chlorinated as de-
through open passages in the rock. The presence of scribed in art. 5-4 or, where this is Impossible, should
free-flowing channels in the ground or a rise in tur- be either boiled or disinfected with iodine.
bidity of ground water following rains are danger 5-15. Sea Water
signais (1) The sea serves as the major source of water

(4) Many wells are subject to Pollution either for the fleet. Ashore, it is utilized only In the ab-
through open formations in the ground, by leakage sence of adequate fresh-water sources. Sea water
from the surfac down outside the casing, through contains up to 37.000 parts per million of dissolved
Perforations In the casing as corrosion progremm.es or salts which must be removed by distillation. Since
through the top of the casing not properly fitted shallow coastal water may carry considerable or-
with an adequate well seal. The degree of pollution, ganic material and turbidity, or be polluted with oilor other wastes, It may be desirable to settle mof course, depends upon the construction of the well, water before pumping it to stills located o., the
the depth of the well. the type of pumping equip- beaches. Advantage may be taken of natural filtra-
mwnt. and the strata of the subsoil in which the well Uon and the diluting effect of ground water by dis-
Is constructed. Well water, therefore, should be tilling water withdrawn from shallow wells located
adequately chlorinated. along the shore. Since distillation is an expensive
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process. all available fresh-water sources should be In not available, hold the pot In the hand near the

fully utilized a noon as the military situation Stove and melt a small quantity of sow In the MUM
permits. of the pot before aenu it wK M mow. Comepast the

5-16. Dow mew in the meling pot md str it occasionally to
(1) Although of I as a sorc of i bui the bottom of the pot. KepW bd(1) lthugh f Isignficnce s amum efnmw or ic on the stove when not coolaf sD 0 00

water for field units, the condensed dew on cool aur- hv or aceionbte When needd F e io
faces has been collected and used by Individuals for haoe wa iae when neede d Pine it In
survival In cases of extreme emergency and hard- as needed Purity the water by bollint or by itI-
ship. cal treatmet.
5-17. Vegetation (2) An excellent Informational seNOW of o S-

(1) Coconuts, wild pineapple, and certain species tioia bries is given In reference 2.
of cactus have been utilised for survival by individ- 5-19. Selection of Source
uals and small units in emergencies.

(1) The choice of a water source s Infieed
5-18. Snow and Ice by quantity, quality, - of procurement, ease of

(1) While almost any place in the Arctic will be purification, and other factors. Supplies for pema-
near water in one form or another at sometime of nent shore stations are usually selected n the basis
the year, the provision of an adequate and safe- of detailed engineering studies of all reasomly
water supply for more than 50 men Is likely to be a promising sources. However, during mlfl0Y 0oper-
major problem. Potential sources are streams, lakes tions. a hasty estimate of quaity and adequa of
and ponds, glaciers, fresh-water Ice. last year's sea a source may be all that Is possible. A water reIo-
ice, and snow. Freshly frosen sea ice is salty, but naissance is usually made to find and lock over aval-
year-old sea Ice has the salt leached out. It is well to able sources and to select that which appears to be
test freshly frown ice when looking for water. In most suitable.
some areas where tidal action and currents are small, (2) The considerations of quality which merit
there is a layer of fresh water lying on top of the ice. study are:
The lower layers may still contain salt. In some (a) Freedom from contamination by nwwg
cases, this layer of fresh water may be 2 to 4 feet and other wastes and from enemy pollution by
in depth. If possible, get water from running chemical, biological, or radiological materials.
streams or lakes Instead of melting ice or snow. Be (b) Freedom from turbidity, color. and taste.
sure that the stream or lake selected is deep enough (c) Freedom from excessive amounts of or-
to prevent freezing to the bottom. Melting Ice or ganic and mineral substances.
snow wastes fueL In winter cut a hole through the (2) There is a tendency, based probably on rec-
Ice of a stream or lake to get water. Cover the hole reationai experience. to locate miltary camps along
w1th snow blocks or loose snow to retard freezing, stream banks or close to shore even though the
In extremely cold weather break the water hole open health hazards may be much greater in these areas
at frequent Intervals. Mark the water hole with a than on high and dry ground not far dIstant. In
stick or other marker which will not be covered by Pning camps and bases in the TrOpics, too much
drifting snow. Water Is abundant during the sum- importance should not be given to the convenience
mer in lakes, ponds, or rivers. The milky water of a of locating near a source of water. The effort re-
glacial stream is not harmful. Let it stand in a con- quired to pipe or haul water to healthier sites ON
tamer until the coarser sediment settles. RtMEW be insignificant when compared with the dificulty
BER: Winter or summer, purify water from ponds. and expense of controlling insects in the swampy
lakes, or streams by boiling or by chemical treat- ares along a water course.
ment.

(2) When water is not available, it will be neces- 5-M. Recreattonil Use of Watersheda
sary to get v-ater by melting snow or ice. To save (1) Frequently. because of pUblk-reltion can-
fuel, use Ice or the most compact snow available. sideratlons, the question of using watershed strems
Oather snow only from areas which have not been or reservoirs for recreational purposes, i. e., fishing.
contaminated by men or animals. Ice sources are boating, pienicking, and bathing, will arise for local
frosen rivers or ponds, glaciers, icebergs, or old sea command decision. The most realistli decislon will
Ice. Old sea Ice is rounded where broken and is result in considering the Presence or abence of an
likely to be pitted and to have pool& on It. Its under- effective filtration procesm in the local water-supply
water part has a bluish appearance. Fresh af• ice system, The reservoir should not be used for reo-
has a milky appearance aN Is angular where reational Purposes if filtration Is not a part of purlfl-
broken. Avoid burning the bottom of a melting pot cation, and sedimentation resulting fram storage
by "priming." Place a small quantity of water in the in reservois followed by chlorination is the only
bottom of the pot and add mow gradually. If water safeguard provided.
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S eton 3IL WATR R, X XUNICPAL SOURCES
Article

Q CC k a W ater ------------------------------------------- - 5-21
aR v lif o heCi ---- ----- ---------------------- 5-22

"" " p t of the Department of the Navy ------------------------------- 5-23

"5.I. Quality of Nunicipel Water is well recognised that crow-connections with pol-

(1) n Pure . esthetically pleasing luted supplies constitute a danger to the health of
w() Is M In and ant American comn- the community. Police power regulations are, there-

ti b n Publicn watll Americn Ssm- fore. in force almost everywhere forbidding or con-
n5teWs habing pblitc water supply systems. trolling such cross-connections and giving represen-

Wasr wel e s hate &own to expect a palatable tatives of the municipality the right to inspect points
pats" wheB a ter water has are sleady withecornt of possible cross-connections on the consumer's
pl ints wihfer water has a slicphtly unpleasant property and the right to discontinue the public

supply when improper cross-connections are found.
the U States are palatable and meet the quality (3) In order to assure the safety of the water, the
standards of the Department of HEW. Public Health city or other water-supply agency usually samples

'ice. Th s nited does not prevat l widely out- and tests the water with reasonable frequency at
Ades the United Btshod he waterd of dobt- points distributed throughout the system, and, on
pd .abad s be considered of doubt- request, supplies the results of these analyses to
tw 4 ! and should be tested and, if necessary, consumers. The city's waterworks system and Its

d t operating practices are normally open to inspection
&-2B. Responsibility of the City and review.

(1) When municipal water is purchased for a 5-23. Responsibility of the Department
naval or Marine Corps installation, the city is under of the Navy
legal obligation to deliver water that is pure and
Safe from posble contamination. The city is not (1) The Department of the Navy is responsible for
obgh§d however, to deliver water containing a resid- the protection of the purity of the water during its
usl dlsWnecting amnt. If free chlorine is used to distribution on its premises. It is further obligated
disinfect water at the purification plant. reinto- to permit periodic Inspections by representatives of
nance of residuals at distant points In the system the agency charged with protecting the public sup-
may be impossible without so charging the water ply. The Department of the Navy is entitled to de-
with chlorine that It would be unfit for use In areas mand delivery to its premises of a pure, wholesome,
near the point of chlorination. When the ammonia- and safe water and should carry out laboratory tests
chlorine process is used. residual action may be of water at the point of delivery when there is
maintained more easily, but disinfection is less cer- question as to the quality of water purchased. Con-
tain because of the relative ineffectiveness of versely, when a Navy or Marine Corps installation
chloramines, which necessitates maintaining the provides water to a neighboring activity or com-
chlosamine residual at a much higher level. munity, the installation is responsible for maintain-

($) The city is responsible for protecting the pu- ing standards as prescribed by the Public Health
rity of water throughout its distribution system. It Service.

Section IV. ANALYCSS AND STANDARDS
Article

Water Analyses and Standards --------------------------------------------- 5-31
Drinking Water Standards ------------------------------------------------- 5-32
Interpretation of Results --------------------------------------------------- 5-33
Fluoridation and Defluoridation of Water Supplies --------------------------- 5-34
Laboratories -------------------------------------------------------------- 5-35

"5-31. Water Analyses and Standards design, construction, maintenance, and operation of
pumping stations. reservoirs, and distribution sys-

(1) The term "safety" as applied to potable water tems; and the absence of cross-connections or other
indicates the degree of reliability of the measures means whereby nonpotable water may enter the
usnd to assure a supply uniformly high in quality, system. The safety of a water supply Is Judged by:
The safety of a supply depends on the protection of (a) Periodic surveys of all physical features of
the source; the purification processes used and the a water system and an investigation of operating
excellence of their design and operation; the proper maintenance practices; and

5-10 ., ;
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(b) Routine laboratory analyses of water has lead to some criticism. partleuarly when 4n1
quality, attempt has been made to use teM tanM5 for

(2) Two types of quality standards are used in judging the significance of individual test results.
water sanitation practice: APPENDIX A of this chapter is the appendix of PHU

(a) Standards for certifying public supplie on Drinking Water Standards, 1963. less referenee MOW
the bases of numerous past laboratory analyses; and This appendix contains background WoematiuM

(b) Standards for Judging the current safety used in developing the 19632 Drian Water Stand-
of a supply from the individual test results. ards. (A copy may be obtained from Buperlntgmdmt

(3) The bacteriological examinations recognised of Documents, U.S. Oovernment Printing OMe.
as being of most value are: Washington. D.C., 20402--price $0 cents.)

(a) The count of total colonies developing on (6) The Department of Defense his directed that
agar In 24 hours at 35" C. Plate counts, when regu- the standards for water used for drinking and cul-
larly made, are useful in controlling water purifica- inary purposes by the Departmpnt of the Navy will
tion processes and in determining the current safety be those standards promulgated by the United States
of a water supply. The mistake should not be made, Department of HEW, Public Health Service, &4 may
however, of condemning the water on the basis of a be modified by the Chief, Bureau of Medicine and
high plate count alone, since water is costly and Surgery, or be may be modified by competent au-
sometimes difficult to obtain. A far better policy thority for purposes of international agreement.
is to recommend immediate chlorination. Bacterial The Naval Tripartite Standardization Agreement
growths not necessarily pathogenic, particularly in ABC-NAVY-STD-23 was promulgated by O1rM In-
warmer climates. may be quite rapid, but are usually struction 5711.9 dated 16 May 1958 and BUM

f readily controlled by frequent and routine chlorina- Instruction 5711.2 dated 30 January 1959, the ob-
tion. Ject of which Is to provide the United States Navy ,

(b) The quantitative estimation of organisms the Royal Navy and the Royal Canadian Navy as-
of the coliform group. The test for the coliform surance that drinking and culinary water delivered
group (art. 5-32) is the most significant because It to each other's ships from installations under their
affords the most nearly specific test for the pres- cognizance meets certain minimum standards of

* ence of fecal contamination. Only this test is in- quality.
cluded In the bacteriological standards reoim- (7) The membrane filter procedure for the bac-
mended by the Public Health Service. teriological examination of water was developed in

(4) The results of routine bacteriological tests of Germany during World War II. Following an en-
samples of water cannot be regarded as providing tensive study of the application of this procedure
complete or final information concerning the quality t,6 the routine examination of water supplies, the
of the water. Bacteriological results must be con- membrane filter technique was included as a tents-
sidered In the light of information available con- tive method in the tenth edition of the APHA
cerning the sanitary conditions surrounding the STANDARD METHODS for the Examination of
source of any particular sample. Precise evalua- Water and Waistewater. With full consideration of
tion of the quality of a water supply can be made the limitations of the membrane filter technique as
only when the results of laboratory examinations discussed below, it is here designated a standard
of the water are Interpreted in the light of such method for the bacteriological examination of water
sanitary data. and sewage, and for related problems. It may be

* (5) The standards adopted by the Public Health used for determining the potability of a given water
Service for drinking and culinary water supplied by ater adequate parallel testing has demonstrated
common carriers In interstate commerce are used that it yields, for the particular water. Informatiosi
throughout the United States for certification of equal to that from the multiple-tube fermentation
water supplies and for judging the past perform- procedure relative to the sanitary quality of the
ance of sanitation measures. Public Health Service water supply. Since 1955 the membrane filter pro-
Drinking Water Standards. 1962, PH5 Publication cedure has been the subject of wide discussion and
No. 956. are now a part of the Interstate Quaran- Investigation. Prom the accumulated research data
tine Regulations. The numerical values specified It may be concluded that:
in the Public Health Standards are such that cor- (a) The membrane filter technique provides a
munities with reasonably safe supplies can qualify means for improved control of water quality In water
to furnish water for common carriers. The reason- treatment plants and otl¢cr laboratories since (1)Sing behind the preparation of these Standards was it has a higher degree of precision (reproducibility)
that persons from such communities are entitled than the multiple-tube fermentation test; (2) it per-
to be served, while on interstate travel, water of a mits the examination of much larger volumes ofquality equal to that of the water they receive at
home. A lack of understanding of the background sample than the multiple-tube test, with increased
and purpoee of the Public Health Service Standards *"Alo apw lble to bMIn Oavep Inataustions.

August 1e 5,--11I-
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e vW- 'to Isn'M1 deteetian; and (3) 6ifinitive includes proceeseg which are appropriate to the
"oftm an sbftd In a urgerWtime than with source of supply; works which are of adequate capse-
to meNult a-9 e p1Rocedare. ity to meet maximum demands without creating

(b) Ibe membrane fitr seted" permi, Oded health hazards, and which are located. designed.
Obeftshof mdosamuple mu d ipement at the filters and constructed to eliminate or prevent pollution;

f* lb. WSr Ica a preservae#" medium, and conscientious operation by well-trained and
(a) 1%m rsaman filer technique mar be ap- competent personnel whose qualifications are coom-

sb In dmshm mand In emergeacies; mobh as arime inenmurate with the responsibilities of the position.
1MM bnea wMet maim, Where the time which (c) The coliWorm growp Includes all organisms
depemm - i resift at examinatio are available considered in the coliform group as met forth In
Is an WeerlanM considleration In the prompt InMtl- STANDARD METHODS icr the Examination of
gam of derretive treamets. Water and Wastewacter, current edition, prepared

(d) The membrae filter test at prement has and published jointly by the American Public Health
dWMW lhattations, Thmre awe areas of applics- Association, American Water Works Association,
Visa not usually msociate with potable water sup- and Water Pollution Control Federaton. (Defini-
Ona wher the method cannot be accepted as a matis- tion of the coliform, group In the eleventh edition:
faetuw aternative to the multiple-tube fermenta- The collform, group Includes all of the aerobic and
tio tesbaniq: facultative anaerobic, Gram-negative. nonapore-

1. in - with turbidity due to ailgae or forming, rod-shaped bacteria which ferment lactome
eermateril, clogging or fibeing of the filter will with gas formation within 48 hours at 35 C.)

P', -1e the testing of a sufficiently large volume oi (d) Health hWazads mean any conditions. de-
sample to provide a reliable Indication of coliform vices, or practices in the water supply system and Its
density and will interfere with the development of operation which create, or may create, a danger to
characteristic colonies of coliform bacteria during to the health and well-being of the water consumer.
incubation. An example of a health hazard is a structural defect

2. In waters with a high density of noncoli- In the water supply system, whether of location,
form organinsms the ratio of membrane filter density design, or construction, which may regularly or
estimates to UPN estimates will be excessively low, occasionally prevent satisfactory purification of the
These discrepancie may be caused by specific char- water supply or cause It to be Polluted from extra-
acteritlas of microorganisms In the sample, inhibi- neous sourcea,
tory actfion ol the medium, or peculiarities of the (e) Pollution, as used in these Standards, means
water tested. such as the presene. of heavy-metal the presence of any foreign substance (organic, in-
ionm. other toxic substances, or high natural tem- organic, radiological, or bioloa1refl) In water which
mertime tends to degrade Its quality so as to constitute a

(a) The fied filtration mod~ncation of this hazard or impair the usefulness of the water.
technique is particularly valuable for routine control (f) The standard sample for the bacteriological
and field woft. test shall consist of:

5-M9. Drinking Water Standards 1. For the bacteriological fermentation tube

(1) Defixiton of Terms--The following terms are ts,5sadr otoso ihr
dellad for clarification In interpretation of the a. 10 milliliters
11tandards. b. 100 milliliters

(a) Adequate protection hip natural meass.in- 2. For the membrane filter technique, not
veivee one or more of the following procneeme of less than 50 milliliters.
nature that produce water cosstnl metn hg) Water supply system Includes the works
requiresments of theme Standards: dilution, storage, and auxiliaries for collection, treatment, storage,
sedImenuation, sunlight, aeration and the associated and distribution of the water from the sources
physical and biological process which tend to ac- of supply to the free-flowing outlet of the ultimate
complish natural purlfication in surface waters and, consumer.
in the case of ground waters, the natural puriftca- (2) Source and Protection.
tion of water by Infiltration through soil and per. (a) The water supply should be obtained from
colatlon through underlying material and storage the moat desirable source which is feasible, and
below the ground water table. effort should be made to prevent or control pollution

(b) Adequate protection by treatment means of the source. If the source is not adequately pro-
saw one or any combination of the controlled proc- tected by natural means, the supply shall be *Ad-
eses of coagulation. sedimentation, absorption, 111 quately protected by treatment.
tiation, disinfection, or other processes which (b) Frequent sanitary surveys shall be made of
produce a water consistently meeting the require- the water supply system to locate and identify
ments of these Standards. This protection also health hasards which might exist in the system.

5-19 August 1963
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(c) Approval of water supplies shall be ds- & When 10 ml. standard portions a*

pendent In part umon: xmnd o a ba 0,11i wn

2. Adequate protection of the water quality portions ofa stmadard sample dwUal mtos asft
thrughout al1 parts of the system, as demonstrated if this occurs:
by frequent suvy;(1) IM donsecutive sapigg

S. Prome operation of the water supply sys- (3) In morn than 1 smobe per inWmn
tern under the responsible charge of personnel when lees than Marwe examined per menth: or
whose qualifications are acceptable to the Bureau (3) In m"r thani I r IsuIn of so-
of Yards and Docks, the Bureau of Si~ps. or the pies when 20 or more are examined Per month.

4. Adequate capacity to meet peak demrd more~lm of the 1 l o~u olfe a igle otas ndar
without development of low pressures or other health aml.df aplsfo esm ta~ndaPoin
hasards; and shall be collected ProaPymdF exA Mmined 10111 the

5. Reo~rd of laoatr exmnton hw results obtained from at Iest 2 consesative samples
ing consistent compliance with the water quality show the water to be of satisfactory qualit.
requirements of thsetandards. SWe 0 l tnadpris r

(3) Bactveroloelcv Quality. b.Whn 0 m l. do~ o ea
(a) Sam~ xmie.no oe huSoVcnti ny.t

1. Compliance with the bacteriological re- shall show the presence of the coliform group. Mw
quirements of these Standards shall be based on presence of the coliform group in all A of the 105
examinations of samples collected at representative ml. portion@ of a standard sample haoll not be
points throughout the ditiuinsse h allowable If this occurs:
frequency of sampling and the location of sampling (1) In 2 consecutive samples;
points shall be established jointly by the station (he ) Iahn moare teamnedsapl pe r m nth;or
medical offIcer and the public works officer, or other whnlsMa5wexmidPrmot;r
competent authority, after investigation of the (3 In Mmr than 30 percent of the sam-
sources, method of treatment, and protection of the ples when 5 or more are examtwad per month.
water concerned. When organl,¶ns at the coliform group ourIn all

2. Minimum numbers of samplas to be col- 5 of the 100 al. portions of a singe standard sample,
Jected from the distribution system: One (1) sample daily samples fIoma Ow samne sampling point shall
at varying points In the distribution system serving be collected promptly and examined until the results
UP to 7,50 persons, Weekly. one (1) addItional obtained from at least 2 consecutive samples show
sample for each additional 500 persons, or fraction the water to be of satisactory quality.
thereof, monthly. One (1 sample of the eusnmt at c. Whnm the membrane filter technique is
a treatment plant or chlorination station, monthly. used, the arlthmief mewn coliform densty of all
Sampling points shall be scheduled to cover the standard sample' examined Par month shal oft am-
entire system. It Is recommended that mmr fre- oved 1 per 100 =I. Collform colonies per standard
quent samples be collected for bacteriological sample shall niot exceed 3t50 ml., V/* saL, 7/20
Analysis. nl.,or 13/500 ml. In:

3. Daily samples collected following a baA- (1) Trwo consecutive samples;
teriologlically unsatisfactory sample as provided In (2) More than 1 standard sample we
art. 5-22(3) (b) shall be considered as special earn- less than 20 are examined per month; or
ples and shall not be included in the total number (3) More than A Ipercen- I t the standard
of samples examined. Nleither shall such special samples when 20 or mmore weeamined per amoulh
samples be used as a basis for prohibiting the sup- Whnclfr.ooieinasgestdrdsok
Ply, Provided that: (1) VWen waters, of unkwno Wesomomcooisi nsssadr l
quality are being exained. sinim anevs tet ar exceed the abov values, daily samples from the
mae& on multiple Portions of a geometric seies to same sampling point shall be collected Promptly and
determine a definitive coliform content; (2) ftme- examined until the results obtained from at leas 2
diate and active efforts are mae& to locate the cause consecutive samples show the water to be of asaa-

ofpluin (3) Immediate action is taken to elimi- ryqjty
natO the cause: and (4) Samples taken following (4) Physical charscterltics.
such remedial action are satisfactory. (a) Sampling. The frequency of sampling shall

(b) Limits, be Jointly established by the station medical office
1. The presence of organlams of the coliform and the public works officer. Under normal cir-

group as Indicated by samples examined shall not cumstances samples shall be collected cone or m
exceed the following limits: times per year from representative points In the die-

AnCMa 196d1ai
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W0e '- e- and examined for turbidity. color. Binreau of Yards and Docks, the Bureau of Medicine
*NUN DOW. "d 6115b. and Surgery, or the Marine Corpa, other mome malt-

4b) LOmih Vz~ waow shind cantain no able li p arem or cam be mae& available.

AIL04 wMoll cAme eNe tON the 1101-C~mee
=u~i~n~~aiII'ec:l~ Desn Sulfonate (AN35) .kwt mda=Mno e xcsed Atmouny (b)* --------- 001

Twm --------------- a Wf Arsenic (As) ---------- 0.01
* d _ - ----- ------- 15 units Chloride.(01) ----------- 50.

Thledif Odor uinmbe ------- _ (Cu)-------.
'*~ ~-~-~00- Chloroform ixtac(a) no~drdtw (Cx ------------- 0. 9(a) MUPM. Clulde(am-- N-------- 0.01

1. no triqautm of Sampling duan be jointly Floie(7)---------- (Sees 8-32(8)(b)8)
afablshad by the stationl medical oc rlad the ironl (1e)-------------------------- 0. 8
qdffi wans ~Ae Owe (1) cocplatet chemical Manganese (Mnl)------------ ------- 0. 08

Nitrate'a (No.) -------------------- 48.
ima is e the water mm*p shall be made annually, Phenois------------------------- 0.001

thes followintgioniffiticins applyfng Sulfate (504)-------------------- 9180.
ýL t hesupl I trete b te.Total Dissolved Solids --- 00-- O.

acivt by. Zinc .A 5A (Zn)----------------------- 85.
1W&Mor scfefig bohrwadtrae ae *Not contained in Drinking Water Standards but this limit wiv

we anakmaed determined by the Public Inealtis Service and the Bureau of Medicine and

b. If the spply is from Wells, Water from a wLt~rasr; in which the nitrate content of water Is known to be in erreass
sefwell In analysed. of th Istd= nnsrt the= pulishould he warned of the potential

I c. When experience indicaties that the d _b'';fr feig
water quallty (chemical) to stable, the requirementsl 2. The presence of the following substances
of we (1) analysis annually may be reduced to one in excess of the concentrations liste shall constitute
(1) anab*ysis -annually; and of one (1) analysis grounds for rejection of the supply:
frain each wall to one (1) composite sample from all SueCIP"Ce"Isionpp
wells. by competent aauthcitsy. Antimony (Sb)*-------- 0.08

2. If howerer, there Is some presumption of Arsenic (As)----------------------- 0.08
unfitness because of the presence of undesirable ele. Barium (Ba)---------------------- 1.0

111011111.copond, r atrils pridi dtemie- Cadmium (Cd)-------------------- 0.01
asete.comosns, r mterals ~Chromium (Nezavialasit) (Or+$) -0.08ticas for the imsected toxicant or material, should 03 'anide (ON) ---------- 0.2

be ma&e more hefreqently and an sibausitive sanitary Iluoride (7) ---------- (See 8-32(8) (b)S)
suveY should be made to determine the source of Lead (Pb) ------------ 0.08
prilutiosi selenium (Se)--------------------- 0.01

(b) Limits. Drinking water shall not contain Ble A)-----------00
Impuitle inconentatios wich ~ b - -Not contained in Drinking Water Standards but this limit was
impuitis i cocenratonswhih my b baud- determined by the Public Healith Service and the Bureau of Medicine

cue to the health of the consumers. It should not anid Surgery.
be ezceffively corrosive to the water supply system. 3. Fluoride. When fluoride Is naturally pres-
Substances tand In Iits treatment shall not remain ent In drinking water, the concentration should not
In the water In concentrations greater than requred average more than the appropriate upper limit in
by good practice. Substances which may have the following table 1. Presence of fluoride in aver-
deleterious physiological effect, or for which p13)51- age concentrations greater than two times the
olegical effects are not known. shall not be Intro- optimum values In table I sthall constitute grounds
duced Into the system In a manner which would for rejection of the supply. When fluoridation
permit themi to reach the consumer. (Supplementation of fluoride In drinking water) Is

L. The following chemical substances should practiced, the average fluoride concentration shtall
niot be preaeint In a water aupply in excess of the be kept within the upper and lower control limits
listed concentrations where, in the judgment of the in table 1.

Table I

Itecommended control limits-
A-nnua average of maximum daily air fluoride concentrations in mg/ I (ppm)

temperatumesýý
ower mum Upper

50.0-58.7 ------- ------ --- --------------- 0.9 1.1 1.7
D&589.8 - ------.----- ------------ 0.8 1.1 1.8
86.4-63.8 ------------------------- 0.8 1.0 1.8

* 8-7. - - ------- 0.7 0.9 1.9
70.7-79.9. ----------------------- _ 0.7 0.8 1.0
79.8-00.11--------------------------------- 0.6 0.7 0.8

5-14Read on temperature daft oa hesed for a mnininmumn at & years.
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) In sadditionc the samnplingc required by paragraph Me gcan beia eaneentratlom do not suned I'M
(5) (a) ahowe, the fluoridate and deflUWrlate VV- Ape~./lter. Oroms beta emeuaftatoium in aiRan 4@t

plies shal be sampled In the frequenlcy and man.uGpeeU sa e r c elsimc
prescribed In 3t1)gff bituto series 11330. supply except when more complete analysess UWBN

C RadI hefytha concentrations ci nuclides man not Wif to(6) adwctivty.cause exposures gresatr then Mhe Radiation Praise-
(A) Sam~liU tion Guildes as approved by the President 02resm

1. The frequency of sampling and analysis for mendatIon af the Federal Radiation Counacll
radioactivity shell he determined by the station (7 Reomne Analytcal Methods.
medical officer. public works officer. maintenance (a Aflilytical methods to determine coapi-

ocer orot cmpeent rit aftr ~ance with thes requirements of thene Standards shelloffcer orothr ompten auhoityaftr cnaaer- b thsespecified In standard motbods AVs thetion of the likelihood of significant, amounts being Stnnao of Wate a"Wdlvt Am. Pub.
present. Where concentrations Of RaP Or Srs May Health Assoc.. current edition and thces specified
vary consderably quarterly sanmPles co~se aso follows.
over a petlc of three months are rcmmended. (b) Bazlwn-Methode /o the Cciltla sand
Samples for determination of gross activity should Atnallsis of Water aSUMAGs, WaOe amhPP Pape NaO.
be taken Sand analyzed more frequently. 161. Rainwter. PA. and 7Thatcher. LI.,. U.S

2. An Indicated In article 5-32(5) (a),* data Geological Survey. Washington. D.C.
from acceptable sources may be used to Indicate (c) Carbon Chloroform Extract (CCE) -Man-
compliance with these requirements. ,sal for Recovery and Identil4catiou of Organic

(b) Limit$u Chemicals in Water, Middleton. P.M.. PRosn LA.A.,
and Burtiachell. R.H., Robert A. Taft Sanitary Sag-

1. The effects of human radiation expoure neering Center. Public Health Service. Clnsinnati.
are viewed as harmful and any unnecessary expos- Ohio. arl Tenattitve Methodfor Carbon Chweoso
ure to Ionizing radiation should be avoided. (CCZ) in Water, J. Am. Water Works A. 14:123i-12.
Approval of water supplies containing radioactive Feb. 1962.
materials shall be based upon the Judgment that (d) Radloactivity-Lsboratcry Men"a of MOMh-
the radioactivity Intake from such water supplies odology. Radionwcide Analysis of Nneunromenala
when added to that from all other sources Is not Sam ples, Technical Report AS"-. Robert A. Taft
likely to remilt In an intake greater than the radia- Sanitary Engineering Center. Public Isaftb Service.
tion protection guidance * recommended by the Cincinnat, Ohio; and Mfethods ol Aptliochemicsl
Federal Radiation Council and approved by the Analysis Technical Report No. 173. Report of the
President. Water suppies shall be approved with- Joint WHO-PAO Coammttee. 19N,. World Health

out further consideration of other sources of radio- Organisation.
activity intake of Radlum-226 and Strontium-BO (e) Selenium-Suegested ModiAsd Method for
when the water contains these substances In amounts Colortmetric Determination of Selenlmm in Natural
not exceeding I and 10 ,'Ac/lter, respectively, Water, Magim. 1, 3.. Thatcher. L L, ",tie 3.. and
When these concentrations are exceeded, a water Levine. H., J. Am. Water Works Amitce St. 1199
supply shall be Approved by the certifying authority (1960).
if surveillance of total Intakes of radioactivity from (f) Organisms of the coliform group--All of
e6U sources Indicates that such Intakes are within the details of techniques In the determinatloi of
the limits recommended by the Federal Radiation bacteria of this group, including the selection and
Council for control action, Preparation of apparatus and media, the collection

2. In the known absence I'of Strontium-90 and and handllnm it samples and the intervals and condi-
alpha emitters, the water supply is acceptable when tions of at 'rage allowable between ocilestion and

examination of the water sample, shall be In accord-
meh Federal Radiation Cootncu in itA memorandumI for anee with Standard Methods for the Xxominatiots

th rsdn.Sept. 13. 1551. recommended that "Smatin001110 O Ueflawppuluons at raito an tmco" of Water and Wa~stewcater. current edition. and the"hould b, .oerh that eat.daverse. ra.expowrr of *alltnbl. rcdrssalb hseseiidteenfrsesuples Of an exposed pOTpUla' woup will not excess the Poeue hl etoeseiidteenfr
91pe.Vd~aluyo Haof Stron.Huam-22e and 1. The membrane Filter Technique. Staurwd

Absence Is taken here to Mean & negligilwe emall fraction Test or
,,t the. abve. T~d lImts wb e.e the. limit for. pnlelentimed
alpha sot,.a ta e P listed lhw fo Radim-i 2. The Completed Test. or

igirnt l55 Set
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A Te n id Tus py rsebr with bril- (2) The Department oi Defene endorses the ad-
Im toiNIJ M ." Jjustmet 0C the fluoride content of communal water

'IMIaft gopf at mau insaltos whr dependent

ti) Thetandards a 'diknw we C in a Wi on:
bow o -y Re mplesfi condau ted (a) D c 1 Y o a or

smls Mb The diceac between the mtra

(2) The =Ien safety of a wafte sussly Cano flulloride content a the station wate being consumed
be -IP - satisfatorily fm Individual test by the children and the optimum fluoride content
re L Ofmtftatel, the diMaety in jud"• of the water.
ain sin ne of asi ngle bad acmple t nd in de- (4) The optimum fluoride content of A water sup-S an a coure of neessary Nsogreath- ply is a function of the ambient temperature to
fa"Io fta rules can be developed. Neverthe- which the children are exposed, mince water ingestion
ls, ome oi the most hrmnM resasona for testoin is directly related to the temperature. It has been
water Is to determine ar y to dn y whte th or determined that the mean maximum daily tempera-

e nfiltration aml chlorifntion should yield a tore for the geographic locale for a period of 5 yearsfeles ftraiom and"p horesumptie should. yied a or longer is an acceptable measure of the ambient
water free ftrm "presumptive cohaorms." If a temperature for the purpose of controlled water
single positive tube occasionally appeasa in the five fluoridation. Table I (Art. 5-32(5) (b) 2) presents
cothrlsint a standard sample. Is hio i c red the acceptable water fluoride concentrations in re-
other than a chc to m that chlorine residuar s lation to ambient temperature. Where the mean
haveo be aen continuously adequate. However, If pev- maximum daily temperature exceeds 90.5" F., a
erai tubes ae posrit or If single positives appear fluoride concentration of 0.7 p.pnm. should be main-
frequently, chlorinatio n should be uteped up; or U tained. Similarly, a concentration of 1.2 p.p.m.
chlorination hasl been satisactory, a search shul should be maintained where the mean maximum
be made for the source of trouble. A maJority of daily temperature is below 50 *uF.
positive tubes In consecutive samples would normally
indicate a sufficiently serious breakdown in water (5) Mean maximum daily temperature data for
sanitation to Justify a careful Investigation of the most areas within the United States, Alaska, Puerto
condition of the system, the water meanwhile being Rico, and many Pacific Islands can be obtained from
regarded as unsuitable for use unless boiled or the US. Department of Commerce Weather Bureau
heavily chlorinated. stations in the vicinity. In other areas, the infor-

(3) Well-operted purification plants produce mation may be obtained from meteorological data
water with a 24-hour 35" C. plate count averaging at military air stations or from other sources.
between 2 and 10 colonies per milliliter and rarely (6) The fluoride content of natural waters may
exceeding 50 colonies per milliliter. Plate counts be variable, particularly If a considerable propor-
exceeding a reasonable maximum require explana- tion is dr~lned from surface sources. Accordingly,
tion. A limit of 200 colonies per milliliter Is otten the fluoride content of supplies obtained wholly or
used Plate counts running into thousands of partially from surface waters must be determined
colonies per milliliter In water that has been chlori- from a series of samples taken during a period of
rated almost always indicate sanitary defects, even minimum flow. Underground water supplies are
though tests for the coliform group are negative, subject to less variation and the fluoride content can

be determined from 2 samples collected during a
5-34. Fluoridation and Defluoridation of week. Where more than one well is involved, sep-

Water Supplies arate determinations must be made from each well.Procedures for water fluoride testing are described(1) •esearch Investigations conduted by the US. in a BUMED Instruction of the 11320 series.

Public Health Service and others revealed that the (7) At stations where children 16 year of ag or
Incidence of denttal caries in children of certain under regularly receive the major portion of their
communities was reduced as much as 65 percent potable water requirements from the water supply
After the fluoride content of communal water sup-
plies was adjusted to the optimum level. system and the average fluoride content of the water

varies by 20 percent or more over or under the
TOmeramed TWO; Is r. provsdmne the vwus of this optimum level, the institution of a project for ad-

tWit to destmine the sanitary oulity of th iter
anOoly bene emil-ed -a estab'Phed =evon• reso-able Justment of the fluoride content should be con-
doubt by comI isai•uith Completed Test so o sdered.
the Im al wae supply.

5-,16 .A,,ust, I M3
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(8) Upon determination that adjustment Is do. the maJor commands Io which they an assigned.

sfrable. current instructions should be consulted for Some of the laboratories e by the Bureau
procedures to be utilized for Institution of the ap- of Yards and Docks for the control of flteW-pVIat
propriate program. operation are uipped for bact•srlohle anls•nb.

In the absence of conumlestly located navel wae
5-35. Laboratories l t advantage should bo taken oi the b-c.

(1) Each command Is responsible for performing tloleial facilities of naval hospitals or adjacmt
bacteriological examination of water where trained Federal or State Health Department laboratoies.
personnel and adequate facilities are available. The When chemical labovtoq faclities are not locab
advisory services of the several Preventive Medicine available. information concerning piec &aa t may
Units are available on request to all activities within be obtained from the district public was oe.

1

1• .lugust ise• 6-17
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Sotdoa V. r 113IFERYPION 0F XAINS, TANKS, AND TREATM3UNT
UNITS

Article
- ------- ----- . --- --- 5 -41

---------- An .. . . . . . --.-- - - - --- -- -- -42
DOsa 2e 3quireUmftf ----- ---------- -- ---- 5-43
11100o lagm mato -- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - -44

- Upelm or Aseiisesatally Polluted 7aalhites -------------------- ------- 5-
Zdw" foham r Zeesrvuel ----------------- --------- -46

- -3I oSs oe of Welis ------------------------------------ -------------- 56-47
VI A A Rse -- - --- - - -- - - -- - - -- - - -- - - -- -- -- - - -- -- 5-48
DMdmfestion in 11morgeftele ------------------------ 5-49

" I-4. Backgound amount of jute. untarred hemp, and organic chlor-
(1) Water mains, waft pumps, fiters, strg n-cntn material present. The volume of

tnks, and other units of a water supply system be- baefre cnhloie dnt osgca be estimaeted Vutb olpumes
eims contaminated during constructioni .nd reai ofewater chontinedosg can diberentsimaes. Voflpmesar
1Wb warters surface contamination. and small min- ofwtrcnaedIdieetszsofpeae
mals. Pluditng the system to remove dirt. waste. listed below:
sMW Gist Surface water which Is Introduced is the Pipe diamtI~er OO~si, per foot
frt* ste. but is not sufficient safeguard. To ensure (ichs 0f pip
a usef water supply. each unit of the system must 2 0. 16
be thoroughly disinfected before It Is placed in 2%0.25
operaktion. 31/ 0.51
5-4&, Disinfecting Agents 4 0.66

5 1.04(1) The chemicals used in disinfecting a water 61.50
system are the same as those used in disinfecting 6 2. 61
the WaSer buat the strength and contact time are 10 4. 08

ucth different. Pree chlorine, purchased In the 12 5.86
tam of agas, acompound, or asolution,is the only 16 16.42
sad&tisatr chemnical for disinfection of waterworks. i 63

Oirads A hyPochlorite (HTH or Perchloron (8)15I the One cubic foot of water= 7.48 U. S. gallonseatatacoryOne U. S. gallon =3,785 MI.Most asifctr well as the most readily avail- Se reference 4.
Abls form for general use. It dissolves easily and

con1tains to 70 percent available free chlorine. one (2) In the transfer from raw to potable water, the
Pound In I00 gallons or in 100 cubic feet of water system is thoroughly flushed with water to remove
gives a chlorine dome of about 100 p. p. m. Calcium amy sediment that may have collected. After the
hYPoeblorite (chloride of lime) is les eail used flushing, the system is filled with a disinfecting mix-
aNd contain only about one half as much available ture of calcium hypochlorite and treated water.
Chlorine Per unit weight of compound. Commer- This mixture should consist of not less than 1.2
cIaflY Prepared sodium hypochlorite solutions pounds of high-test calcium hypochlorite, or ap-
(Clorox. Uonite, etc.) may be obtained In 5- and 10- proximately three times as much chlorinated lime,
Percent solution strengths. One gallon of 10-per- to each 1,000 gallons of water In order to provide
cent solution added to each 1,000 gallons of water not leffs than 100 p. p. mn. of available chlorine. The
will give about 100 p. p. mn. free chlorine. All hy- high-test calcium hypochlorite should contain not
pochlorites raise the pH of water, thereby reducing less thani 70 percent available chlorine. If the sys-
the effectivenes of the chlorine. This may be of tem includes a tank or standpipe, a preliminary mix-
considerable importance If chlorination ralse the ture of calcium hypochlorite and treated water Is
PH of the water above a value of 6. For further prepared in a suitable container. It chlorinated
Information on the effect Of PH on the disinfecting lime is used, the mixture is allowed to stand for
power of chlorine, refter to figures 5-1. 5-2, and 5-3, about 4 hours before the decanting. The decanted
and article 5-60.- If chlorine gas Is used to disinfect or supernatant chlorine solution is then delivered
mains or equipment, a chlorine-feeding device In the to the tank or standplpe. along with enough treated
hands of a competent operator is required. water to make a mixture containing not less than

100 p. p. m. of available chlorine. This process is
5-43. Dowage Roequirementa repeated until the tank or standpipe and the entire

(1) Chlorine dosage required to disinfect any unit system are filled. If no tank or standplpe is In-
thoroughly depends on the contact time, and the cluded, the mixture of not less than 1.2 pounds of

5-18Atigust IMSA
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high-test calcium hypochlorite or the lager equlva- dimculty of mixing the chemical with the water In
lent amount of chlorinated lime (for each 1000 1al- a drilled well, a volume of 100 p. P. m. solut c MA
Ions of water) is prepared In a suitable container. 50 percent greater than the quantity of water stand-

The solution is injected directly into the system, ing in the hole should be made up in tanks and run
and the proems is repeated until the system is filled, down between the rims pipe and the casing.
The disinfectant IS retained In the system (and tank
or standpipe, if included) for not lest than 48 hours 1-48. ]FPeonttnimi
and then drained and examined for residual chlo- (1) Ftre protectton.-Adequate fire protetion
rine. If no resIdual Chlorine is present, the procem measures must be taken during disinfection of Part
is repeated. After this, the system is flushed with or all of a water system. If protection Is seriously
the treated water to be used and may than be placed reduced, or if the mission of the activity requir'
in service. that the water system be out of service for a period

shorter than that which disinfection requires, tJe
5-44. New Facilities public works officer, with the advice of the medical

(1) The system is disinfected as in the preceding officer, recommends the amount of high-teat calcium
paragraph. The disinfectant mixture should con- hypochlorite or chlorinated lime required per 1,000
sist of not less than 0.6 pounds of high-test calcium gallons of water to do the Job more quickly.Shypochlorite, or an equivalent amount of chlorinated (2) Bacteriological Lte~t.--If batrooia ex-

lime (about 2 pounds). to each 1,000 gallons of arination of water samples collected after disin-
water, which provides not lees than 50 p. p. m. of fection indicates that the water Is not safe. disin-
available chlorine. The mixture is injected into fection should be repeated until tests show that
the system and retained there for not less than 12 water samples from that portion of the system be-
hours. The system is then drained, flushed with Ing disinfected are satisfactory. Samples collected
treated water, and placed in service. immediately after disinfection may not be repre-

5-45. Repaired or Accidentally Polluted sentative of the water served normally. If bacteri-
vaciuities ologica1 samplese are collected immeditely after

disinfection, It Is desirable that the sampling be
(1) The part of the "stem affected by mainte- repeated several days later to check on the delivered

nance, repair, or alteration, or by pollution from im- water under normal conditions of operation and
pure water, is disinfected as In article 5-43 (2) of use. The water from the system should not be used
this section. for domestic purpoess until the report on the

5-46. Large Tanks or Reservoirs bacteriological examination of water samples Indi-

SIt may be impracticable to disifect large cates t.'at it is safe. If repeated disinfection does
reservoirs or tanks by the method outlined In article not give satisfactory results, all such water used forreser(2).sInrstchscasesethetreservoirsdorntarticle drinking or cooking purposes must be boiled before
5-43 (2). In such cases, the reservoirs or tanks Sze use until the recommendation of the public works
washed down with a strong hose stream of treated ofcer, on the advice of the medical offcer, is
water and disinfected by the swabbing or the spray- received.
ing of all internal surfaces with a solution contain-
ing at least 200 p. p. m. of available chlorine. This 5-49. Disinfection in Emergencies
chlorine solution Is flushed to waste after at least (1) Natural contamination of water supplies may
I hour of retention, increase markedly because of some wartime emer-

5-47. Disinfection of Wells gency. In this case, skid-mounted hypochlorinators

(1) Wells should be disinfected after construction, and trailer-mounted chlorinators should be drawn
for emergency operation from the stock of the

cleaning, or the removal of equipment for repair. district commandant. The equipment cannot be
When the well equipment Is ready for operation, the expected to make drinking water safe after bomb-
well should be flushed by pumping to waste until the Ing, sabotage, or biological warfare have rendered
water is free of turbidity. A dug well may then be it unsusceptible to disinfection by chlorination. The
disinfected by pouring in the calculated amount of treatment of and protection of water supplies sub-
chemical either in powdered form or as a concen- Jected to contamination by atomic, biological, or
trated solution. Water in the well should be agi- chemical warfare are covered in technical
tated to distribute the chlorine. To overcome the publications.'-

• .r- •m5-19
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5,-_I. Gee•ae l Oxygen dissolves from the air at the water's surface.
(1) Water purifcation consists in removing or periltting bacteria to start changing organic

destroying enough impurities in water to make it matter into nitrates, sulfates, and carbonates. These,
safe and pleasant to drink. The first and most together with the carbon dioxide produced from
Important step In purification is to select the correct decomposition caused by the anaerobic bacteria,
treatment processes and then to arrange them in are plant foods. With sunlight now penetrating the
the right order to do the Job. This section discusses water and with abundant food, algae flourish and
eash treatment process. Greater detail may be form a green scum over the surface. As soon as
obtained from reference 4. algae appear, self-purification proceeds rapidly,

(2) Generally. good results are obtained by the as they take in carbon dioxide, use the carbon, and
following arrangement of water treatment pro- give out oxygen to the water, thus oxidizing the re-
ceases: coagulation, sedimentation, filtration, and maining organic matter. As green algae appear,
disinfection. Specific purification problems often fish requiring little oxygen, such as catfish and carp,
require additional treatment processes or a different are also found; as the dissolved oxygen increases,
arrangement. No one treatment process is a cure-all. more types of fish appear. After recovery, fish find

(3) Methods of purifying water that has not been the stream highly favorable, as the algae support
deliberately poisoned are covered in this section. various aquatic insects and other organimns on

which fish feed. The water is clear or kurbid. ac-
5-52. Self-Puirlftcation cording to the concentration of algae, and may have

(1) General.-Under favorable conditions, a pol- odor for the same reason. Throughout the stages
luted body of surface water is often partially purified of recovery or self-purification, disease organisms
by natural agencies. This self-purification, however, are greatly reduced in number because of lack of
cann•o be depended upon to effect complete purifica- proper feed, unfavorable temperatures, and pH
tion (recovery), but It may decrease the load on values of the water. However, the water is still
mechanical purification equipment, dangerous since all disease organisms have not per-

(2) Stream# or rfvers.-Sl-ght pollution may be ished.
difficult to detect, but gross pollution is easily seen. (3) Lakes, reservoirs, and ponds.-4klf-purifica-
and the recovery of the stream is easily traced. In- tion in lakes, reservoirs, and ponds Is brought about
mediately below points of heavy pollution, such as by the same agents as in streams and rivers. How-
sewer outlets, turbidity may be high. and within a ever, currents are not as strong, and sedimentation
short distance the water sometimes turns black. is more important. Sedimentation Is often so heavy
Odorous sulfur compounds may be formed, and that large deposits of sludge, dead algae, and other
solids settle on the bottom, forming a sludge. Such vegetation build up on the bottom. In deep lakes
seted solids and sludge will soon decompose, form- and reservoirs, self-purification is aided by seasonal
lng gasm such as ammonia, carbon dioxide, and "overturns." This Is simply an exchange of bottom
methane or marsh gas. These gases may form so water for surface water caused by the change in
rapidly that the surface continually bubbles. In density of the water which occurs in the spring and
still waters scum may form. Life in the water is fall.
confined to anaerobic bacteria, larvae of certain
insects such as mosquitoes, and a few worms. There 5-53. Sedimentation
are no fish; turtles are generally the only form of (1) General.-Plain sedimentation is the natural
higher life. The stream becomes clearer as It con- settling of solids heavier than water without the
tUntes, allowing sunlight to penetrate the water. addition of chemical coagulants. Solids heavier

5.SOAIIKIUI |t 1~
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than water are held In suspension while water is dissolved minerals generally flocculates best between
moving, but settle to the bottom in still water. The pH values of 4.5 and 6.0, while turbid water with
time required to clarify water by sedimentation de- considerable natural alkalinity flocculates bst at
pends on the size of the suspended particles. Large pH values between 6.0 and L.0 These values are
particles settle to the bottom In a few minutes, but only indications, as there is only me optimum pH
very small particles, such as clay. may remain in for any given water. Optimum pH varies with
suspension for several days. Plain sedimentation is rainfall, seasonal changes, etc.
seldom used alone to purify water, but is used as a (4) Jar test tor jlocculation.-The correct dose of
preliminary process in preparing water for filtration, chemical to use for the treatment of any water at

(2) To reduce turbidity.-Plain sedimentation any time can be determined only by trial and error.
tanks or basins are often used to reduce turbidity In a series of jars, beakers, or bottles, portions of
in water drawn from swift streams, particularly raw water are treated with various doses of coag-
after rainstorms. If the particles causing the tur- lant. and after thorough mixing, the size and rate
bidity settle rapidly, plain sedimentation may re- of settling of the floc and the clarity of the water
duce frequent backwashing of filters, are observed. The smallest chemical dose that pro-

5-54. Coagulation duces a good floc and complete clarification is the
correct one to use In the plant. A mixing device for(1) Gekneral.-Coagulation is the process of add- use In making Jar tests Is illustrated In figure 5-4.

ing a chemical to water to gather the suspended
impurities Into pariczes large enough to settle out

rapidly. The standard chemicals for coagulation
are filter or ammonium alums. They react with the

alkaline substances in the water to form an insoluble
Jellylike substance which attracts the suspended silt
and disease organisms to it. Chemically. these sub-
stances are aluminum hydroxide. If water does not
contain enough alkalinity, it may be necessary to Pv,,.e S--4.--Nui, pi mtztug dewýe.
add an alkaline like soda ash to help form Jellylike
hydroxide. (5) Color removal.--Oenerally color can be re-

(2) Flocculatlon.-Ammonium alum and alumi- moved in floc when coagulating on the acid side of
num sulfate are called coagulants. Either of these the pH scale. When alum is used, the water should
can be added to the water in tanks, such ,s 3,000- usually be coagulated at a pH of 4.4 to 6.0. If the
gallon canvas tanks; or either one may be added pH value Is increased later, the color may reappear
continuously to the water by mechanical-feeding to a certain extent. Adding soda ash during ooagu-
devices. lation may fix the color and prevent removal. Acti-

Regardless of the system, the water must be vated carbon may be used to remove color.
stirred after the chemicals have been added. The (6) Mixing cooealanta.-To obtain satisfactory
Jellylike substance first appears as particles so small coagulation, coagulating chemicals must be thor-
that the water has a milky appearance. In this oughly mixed with the water. In units using feed
form. the insoluble hydroxide will not clarify the devices, this Is done by adding the chemicals on the
water or settle out. It is necessary to continue suction side of the pump so that the pump impeller
stirring the water until the very small particles Join mixes them thoroughly. When coagulants are added
with others to form large particles. This process by the basket method in batch treatment, excellent
is called flocculation, anck the large Jellylike particles mixing can be obtained by hanging the bae along
are called "floc." Operators should work to pro- the wall of a tank and filling the tank at high rates
duce a heavy, rapid-settling floc. Nate that floc- so that it fils in about 15 minutes. Inlet horn should
culation is only one step in the process of coagula- be directed along one side of the tank, so that a rapid
tion. which also includes the adding of chemicals. swirling motion is set up throughout the tank.
After flocculation, sedimentation is generally pro- This distributes the chemicals throughout the
vided to allow the bulk of the floc to settle and thus water effectively.
reduce the load on the filters. (7) Accelerating ftocculation.-To obtain best

(3) Optimum pH.-Ioc forms fastest and is flocculation in the minimum time, the rate of floe
heaviest at one definite pH value. called the "opti- formation should be accelerated by agitating the
mum PH." Because this optimum value varies with water. This Is done best by "tapered" mixing, the
changes in the impurities in water. it is necessary to water being agitated vigorously while the chemicals
determine It by the Jar test described in paragraph are being added and then more and more slowly
(4). Optimum pH values generally fall between 4.5 over a period of about 30 minutes. When coagulants
and '1.5. depending on the Impurities in the water, are added to water as It enters a sand filter, the
Colored water containing only a small amount of flocculation period is brief, and agtation is not con-

AngreMt 19e 5.-1
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tinumuly controlled. For waters that do not floccu- (1) Ferric hydroxide is formed at low pH
We readily. this Pocess does not assue reliable values, and consequently coagulation with ferric
sirtiM by the filter (art. "-87). and complete coagulants at PH values as low at 4.5 Is possible.
Pretreab t should be used. (G Ferric hydroxide is insoluble over a wider

5-55. Chemicals Used in Coa••ation range of pH values than aluminum hydroxide.

u -in c o (3) Ferric hydroxide does not redisolve at

an Tsw bela . Aum. ona uants an generalny high PH values.
use d with elo. purification equpment. e(4) Speal Coagulatio aids

(ed) w it a Purification equipment. (a) ArtiJtIcl turbidity-Under certain condi-
(2) CI Slants tions. materials such as bentonite. Fuller's earth,

(a) avlbe --ilter alum or aluminum sulfate or local clays may be added to the water to create
l I ?e in 1, • r opowdere an artificial turbidity which increases the rate of

famoo Ie is an td salt and hence Is corrosive to floc formation and settlement.
emMiu It Is readily soluble In woter and to (b) Sulfuric acid.-Sulfuric acid is occasionally
sady lic In solutiDo or dry. used with alum as an aid In coagulating colored

wi Blacktals2topercnt bu weight ofilter a water. As this acid causes severe burns when in
whic otals 2 to 5 Percent by weiht of powdered contact with skin or clothes, special safety precau-

(at)iv aod a - oi lu tions must be obEerved when It Is used.(a) Ammonium ahlu.•Ammonlum &lum in

used in mobile and portable purfcaUon units and 5-M6. Chemicals to Adjust pH
shmM not be confused with filter alum. Use of (1) The chemicals commonly used to adjust pH
ammIum alum facilitates controlled application values as an aid in coagulation are discussed below
o coagulant over a period of time because it (a) Soda ash.-Soda ash (sodium carbonate)
s less sol.ubl than filter alum and therefore is highly soluble in water. It is used when waters do
dissolves more slowly in alum pots and chemical not contain enough natural alkalinity to react with
baskets. It does not dissolve readily in cold waters. the coagulant. The soda ash supplied for field use
Alua pots are not accurate feeding devices, even comes in briquettes which dissolve more slowly than
with ammonium alum, but are more compact than ammonium alum. Soda ash should be procured by
other feeds. specification to contain at least 98 percent sodium

(d) Sodium atumiaate.-Sodium aluminate is a carbonate, because this quality is assumed in the
coagulant tsed with alum for special treatmant calculation of the chemical dose.
processes such as water softening and color removal. (b) Lime-Quick lime (calcium oxide) or

(3) Ferric coagulants slaked lime (calcium hydroxide) may be used to
(a) Copperas.-Ferrou sulfate. commonly provide artificial alkalinity. They are also used in

known as copperas, is a granular acidic salt used water softening.
with lime for coagulation. Lime must be added be-
cause the alkainity and pH value of natural water 5-57. Filtration
are generally too low to react with copperas to form (1) Generea-When water filters through sand.
the desired ferric hydroxide floe. the following changes occur:

(b) Chlorinated copperas.-The oxidatlin of (a) Suspended and colloidal matter is partially
coppera& by the dissolved oxygen of water occurs removed.
only at pH values above about to. However, chlo- (b) Chemical characteristics of the water are
rine may be used to react with copperas Irrespective changed.
of the PH value of the water. From this reaction (c) Quantity of bacteria Is materially reduced.
ferric sulfate and ferric chloride are formed and in (2) Obviously, particles of suspended matter too
turn act as coagulants. large to paus through the interstices of sand grains

(c) Ferric sulate.-Ferric sulfate is a dry com- are filtered out by mechanical stralining. Colloidal
mercial Coagulant. matter, however, or bacteria too small to be strained

(d) Ferric chloride.-Three commercial forms out are not removed by this process but by sedi-
of ferric chloride are available: liquid, crystalline, mentation and adsorption. Voids between the
and anhydrous material, grains act as minute sedimentation basins In which

(e) Summary of ferric coaoulants.--Chlori- fine suspended particles settle on the sand grains.
nated copperas. ferric chloride, or ferric sulfate may The action is aided by a gelatinous coating formed
be used In place of alum coagulants. Ferric coasgu- on the surface of the sand grains by previously de-
Iante are very corrosive and require corrosion- posited bacteria and colloids. Because living organ-
resistant facilities. There are a number of practical Isms exist in filters and matter is used in the
differences between alum and ferric coagulants, metabolism of all organisms, the chemical makeup
however, which should be noted. Briefly, these dif- of matter on the filter is changed in some degree
ferencos are as follows: by the growth of the organisms on the bed.
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13) Most benefits derived from filtration are not water sources are contaminated with Amebic cysts
caused by action occurring at points generally dis- and where it is dimcult to obtain diatomite filters,

tributed throughout the sand bed, but from action slow-sand filters have the following advantages for
occurring at the surface of the sand In the layer of permanent or semipermanent stations: They Can
deposited matter and after the filtration process be built of local materials; they require a minimum
has been operating for a period of time. The lMer of mechanical equipment; and they can be operated
contains a Jellylike substance in which biological with native labor.
activities are at their highest. It Is called the (0) Rapid-sand Alters.--apid-sand filtes oper-
"schmutsdecke" (literally "dirty skin"), and opera- ate either by gravity or pressure principles.
tion of the plant depends on It. When the filter has (a) Gragif Altrs..--Gravity Altus (ftE. 5-5)

been in use for some time, the pressure necessary are essentially open-top rectangular concrete boxes,
to force water through the schmutsdecke and the about 10 feet deep. An underdrain system at the
sand increases. As a certain point of pressure Is bottom support. the layer of graveL which In turn
reached, it becomes necessary to clean or backwash supports the layer of Alter medium. The total head
the filter. in a gravity filter equals the positive head of water

(4) In treatment of water, two general types of above the underdrain plus the negative head from
filters are used--slow sand and rapid sand. The the underdrain to the water In the clear well. Orav-
former is acidom built today. Ity filters are usually designed to filter about 2

(5) Slow-sand Alters-Slow-sand filters contain gallons per minute (g. p.m.) per square foot of filter-
fine-grain sand and have low-filtration rates. They bed area. However. In emergency, up to 4 g. p. m.
are usually used when coagulation is not included per square foot can be obtained If prior treatment by
in the treatment procem. flocculation and sedimentation produces very low

The use of slow-sand filters has been practically turbidity.
discontinued because of their high cost per unit (b) Pressure A•Ut.-In pressure filters (fig.
of capacity and the labor required to clean them. 54), the bed is enclosed in a pressure vessel and
Generally, slow-sand filters have little military water either Is pumped Into the vessel or Is drawn
value because they require fixed Installations with through the filter by a suction Pump. Pressure At-
very large filter areas, clear or easily clarifled tars are better than gravity flers when small vol-
sources, and experienced designers. In areas where umes of water are to be fltered, because no other

GRtADED O"ItAVIt

PITOR TANK

Figrwe 5-5.--C••sa vie of prvittp seud flter shouiu undestas sand M~ter bed.
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pumping In needed. Pressure filters are installed organisms such as amebic cysts and cereaie of
either vertically or horizontally. They operate at schistonomes. and removes more than 90 percent of
the same rates an gravity filters. Filter rates em- all bacteria.
ployed In the mobile and portable water-purification (a) Special types of diatomite filter have bee
units are somewhat higher than the usual 2 gallons developed for use in mobile installatiow. These
per square foot. filters (fig. 5-7) are inelded In sets of equipment

(c) Gewer•l-Rapid-sand filters operate effec- containing pumps, tanks, and supplies that provide
tively at rates at least 50 times as great as those of for pretreatment, chlorination, filtering, watoer tr-
slow-sand filters. This is possible because they use age, and water listribution.
coagulation to help in producing clear water and (b) To prevent rapid clogging of the original
they have a backwashing arrangement which quickly layer of diatomite fllteraid by foreign matter In the
removes accumulated solids. Rapid-sand filters water, the units are equipped with feeding deviess
function primarily as straining agencies for the which continuously supply fresh diatomite filterai
flocculated material in water, and benefit from the to the Influent water. The rigid particles of filteraid
accumulated gelatinous schmutsdecke collected In mix with the compressible matter In the water to
the sand. Sudden changes In rate of flow must be form a porous filter cake. When the resistance of
avoided to prevent dislodging this accumulated ma- this cake to flow becomes too great. It In removed by
tertal. The portable sand-filter units can be op- backwashing the unit and is replaced by a new filter
erated to remove amebic cysts and to produce fil- layer. In the filtering of pretreated water, filtered
tered water of generally high quality by special water quality don not depend on presure or flw
measures of control but are not as effective as rates. Reduced pumping rates are not required to
diatomite filter units. obtain clear water.

(7) Diatomite ftitration.-Diatomite filtration Is (c) Diatomite, also called "diatomaceous earth,"
the process of removing suspended matter from or "filterald." consists of the skeletal remains of
water by passing it through a layer of diatomaceous minute algae, called diatoms, found in marine de-
silica. Diatomite filtration of pretreated water con- posits which have been lifted above ase level. Crude
sistently produces a filtrate of less than 0.1 p. p. m. diatomite is quarried and proossed as diatomace-
turbidity, completely removes chlorine-resistant ous-silica filteraid, which is inert to water and to

-ý MM OWI
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1 Ier- m t ebmoleals. When used as a filter coagulate and settled water, filter cycles last several
melihm diatomite reqires a rigid supotng ban hours without continuous slurry feed. The optimum

SsMOM that Is porosm esugh to permit ma- mum filteraid slurry feed Is determined by trial, using
fl w w flapl ant os of head yet fine enough varying quantities of filterald during a series of
tAPsl Wrt Ubs 21te cake. For thi purpose. cylindri. filter cycles and comparing the results.
00l demept oa heilcy %Id wire porous plastic, (f) DiatomIte filters are backwashed by revers-
Pousm rduber, or porma refractory minerals (fig. Ina the direction of flow and drawing ltered water
0-6) aSg moat Metactoq. from the storage tank through the filter. It requires

lees than 3 percent of the flit -'s output to dislodge
and remove the clogged filter cake. Diatomite filters

-" -' hould be backwashed whenever the porosity of the
-. filter cake haa decreased to a point at which filter

output falls off noticeably.
(g) Advantages of diatomite 1ltratio•-.The

principal advantages of diatomite filtration are the
superior and uniform quality of filtered water out-
put.

(8) Operation o/ Ailters
(a) An influent pipe carries partially clarified

water from the sedimentation basin to the filter bed.
"discharging It behind a bafe wall so that water cur-
rents will not disturb the sand bed. The water
passes over the bafle, filters through sand and gravel
into the underdralns, passes through a ratecontrol-

- - mwo on I U ler. and is then collected in a filtered-water reservoir

00000~ 9VA0 MO -"CA or clear well.
"(b) When a filter bed is first put into operation

•----'-•--------- , or has Just been washed, water passe through the"- " -sand too quickly for efficient filtration. Therefore,

MIN WA WD WAM the efuent line must be throttled to reduce the rate
A& - ýA o flow. As the filter bed becomes clogged, the rate

U MIN DOOM ,mN 0101M,,o of filtration decreases and the amount of throttling
f.-.,aftnbmm p • .m 40 we ... In b- . ' N must be reduced accordingly to keep the rate of fil-mm fe V~ms SM mafm** OWN wwm =_W *.-m 0,-0 a

00 ' 49 a .b -W•ool" -8,... traton uniform. Manual control of the filter rate is
be. ~ impracticable, and consequently an automatic device

.o d A . & known as the rate-of-flow controller Is used. Most
-"I rate-of-flow controllers are governed by a venturi in

.. -. tOm/e ter t wit s the filter efuent line. Pressure differentials pro-
removed. duced by the venturi act on a balanced valve which

in turn actuates the controller. rt is necessary to
(d) A precot layer of filterald is deposited on measure rate of flow through each •Mter periodically

the cylinder by circulating diatomaceous slurry to check the accuracy of the rate-o-nflow controller.
through the nit. An almost uniform coating is (c) Loss of head is the difference between static
formed Over the estire septum. because flow is great- level of water above the filter bed and water in the
=tthrough the thinnest portion of the oatin. IF underdrain. During normal filtration, increasing
PLOW 18 WYTOPF ) DURING A FILTR RUN. THU amounts of foreign matter collect in the top few
lPLTUt MUST 82 BACKWAMM AND A NEW inches of the sand bed. As this collection increases.
PWOAT APPLM. the PaIae of water through the filter is slowed.

(e) During the filter cycle (fig. 5-4), the porosity Water pressure below the bed decreases, thus in-
of the filter cake Is maintained by the slurry feeder. creasing Io of head. The gage which measures lIO
Uni•m filterad Is added, compressible partcles of head play an important part in filter operation
In the raw water form a sime over the surface of and a reading that shows a los of 7 to 9 feet Indl-
the preoat layer. Causing filter runs as short as 5 cates that the filter needs washing. This gage also
or 10 minutes. BY adding filteraid slurry during reveas cracks In the filter-bed surface which allow
fltUratio, the eake surface continually increases the water to pass through to the underdraln easily.
S and the pnoroity Is maintained longer. The quant- This Is a serious condition, since water which passes
ty of slurry feed required depends on the character through the cracks Is not properly filtered.
and amount of suspended solids in the unfiltered (d) It Is desirable to operate filters at as uni-
water. With relaT1vey clear raw water or with well- form a rate a8 polsible. Therefore, clear wells are
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built to provide a reservoir of filtered water to meet not filter properly. It can be restored to use only by
fluctuations in demand. They may be supplemented removal from the filter and through washin.
with elevated storage. (C) Air binding occurs when pockets of air mc-

(e) A filter bed needs washing when the loss- cumulate in the sand. It Interferes with proper
at-head gage shows a lore of from 7 tog9 feet or after filtration as Indicated by high loss of head.
a fitering period or run of 100 hours. The bed Is (d Mlcro-orgnsan/s frequently acuulate so
washed t reversing the flow, forcing filtered water rapidly on the filter-bed surface that the rate of
up through the gravel and sand. The water loosens filtration Is reduced -8 much as 50 percent. When
the sand bed, agtating the grains, and washing ac- this occurs special pretreatment of the water Is al-
ctumulated floc aind fore/ign matter oEf the grain sur- wakys mandator~y.
faces. The wash water rie into the wash-water
troughs and flows to the drain carrying the foreig 5-58. Storage

matter with It. (1) Suitable storage facilities may be construtcted
(9) Operatiousl dlical-utie of concrete, steel, brick, or wood above the land sur-

(a) If a filter bed is not bakase correctl, face or of concrete or brick If partly or wholl below
sand grains and foreign matter begin to stick to- the land surface. Desinsm for typical manhole cc'-
gether. Over a period of time largre clumps, called era and piping intallations, are shown In figure 5-
mud balls, areformed. They lower theefficiencyof 10. SuchIntnallationsassit inprotecting the water
the filter bed and must be removed. Surface wash- supply from possible contamination. Asphalt Or tar
tng usually breaks down these forma..tions and can for waterproofin the Interior of storage units Is not
then be removed by backwashlng. It is sometimes recommended on account at the objetonaleot taste
neessary to remove mud balls manually with a Imparted to the water and the possibilty of undle-
10-mesh screen 8attahed to a long handle. sirable chemical reaction with the materUal used for

(b) Normally, filter sands become clogged onl treatmet& Specificaions covering the paitng at
at the surface and are restored to usee by ordinary water tanks have been prepared by the Duraau of
washin methods. Sometimes, however, the entire Yards and Docks. The specificationsprovide proper
sand bed becomes so clogged and caked that It does safeguards cocrnn the use of lead-base pi•nts.

a
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(4) Tanks for stock water should be properly con-
structed and partially covered to prevent cattle
from getting into the tank, and the area around the
tank should be sloped to drain away from the tank.

(B) Steel pressure tanks of relatively mall capa-
city are widely used in connection with automatic
systems for individual homes. The types available
are of standard construction and present no sanita-
tion hasards. The capacity of storage tanks, other

SAW than hydropsieumatic tanks. in connection with a
pumped supply should be not less than 2 days' re-
quirement and should be correspondingly greater
where special conditions indicate the need. Special
care should be taken not to make storage tanks,

_ _ _ _ _ _ _ _cistern, or pipelines unsafe by bringing in an emer-
gency water supply that has been contaminated at
Its source or In transit.

(6) A typical concrete reservoir with screened in-
let and outlet pipes is shown In figure 5-11. This
figure also illustrates the sanitary manhole cover
which overlaps an elevated rim and prevents any
drainage from entering the reservoir in the event
it Is constructed where one side is at ground eleva-

A T M. tion. This type of manhole frame and cover Is
generally designed so that It may be locked to pre-

_ _ _ _ _ _ vent access by unauthorized persons.

WNI w~iE? AzmE~llo.t €/-/: \\
Forwe 5-1@.-Vypdcs pumep mWasunp. muanhole cowre.

anld pOpin insalatiaons.

(2) Surface reservoirs formed by the dammin of of

open stream are not recommended for storage of ..
water for human consumption. They may be used
for stock watering, and a fence enclosure is recom-
mended for proper maintenance. Aý s"

(3) All tanks for storage of water for domestic
supply should be completely covered and so con-
structed as to prevent the possibility of contamina-
Uon of the tank contents by outside water or other _-__

foreign matter. FIgure 5-10 shows several designs-- . . .-
for manhole covers and piping connections to pre-
vent the entrance of contaminating materials and
surface drainage. Concrete and brick tanks should _______
be made watertight by a linin of rich cement
martar. Wood tanks. generally of redwood or -

cypr, requlre no special consideration beyond the -
requirement for the covering and the screening of
openings against molquitoes, flies, and other small
insects. Aipure s-lz.-Typicea corecfete evswscft.
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5-59. Disinfection of Water Supplies 5 - F - - -

(1) Water Is most commonly treated with chlor- 0.9 - -U

meý gas Ora compounds, or Iodine (the blattr provided Z - -

for small-volume purification In the field). Other 9

methods should not be used, except in emergency, a, 0.7 -

without a careful review of the literature to deter- 2
mine their current state of development. The -
terms chlorination and disinfection are here used 0s-
to indicate the same process.0

(2) Chlorination includes all processes using • 2 /
chlorine gas or chlorine compounds to produce in _ 0
the water either of t-o distinctly different disinfec- 0n
ting agents, free chlorne or chlormanes. Which of . _,_,,- -

theme predominates depends on the ratio of chlorine I
dose to the ammonia-nitrogen fammonla radical ex- 0 0.4
presed as nitrogen). Ammonia may be a natural 0 FEE_
constituent of the water or may be added. If the 0 2 4 6 a 10 12
chlorine: &mmonia-nitrogen ratio Is below 5:1, CHLORINE AOMD -PIpm.
chlorine reacts to form chloramine. Chloramines
are destroyed by further increases in the chlorine f 5 r curve (snofts
dose until, at a chlorine: ammonia-nitrogen ratio SoUHM).
of about 9:1, the chloramine has been completely
oxidized. This point of minimum residual Is called Is not. It is. therefore, necessary to distinguish be-
the breakpoint. Chlorine added beyond this point tween free chlorine residuals and chloramine resid-
produces free-chlorine residuals. uns. The orthotolldine test as ordinarily used

(3) Five methods of chlorine dose control are in does not do this. However, by reading the flash
use: color. i. e., the color appearing at 10 seoonda after

(a) Fixed dose, addition of the orthotolidine, an Idea of the free
(b) Minimum residual after fixed contact time, chlorine content of the sample may be obtained.
(c) Minimum residual throughout distribution 7Te color after 5 minutes measures the sum of free

system. chlorine. chloramine. and Interfering substances.
(d) 8uperchlorinatlon-dechlorination and, Temperature of the sample should be below 60 .
(e) Breakpoint chlorination,-For purposes of (5) The PH value of water has a marked effect on

Illustration, figure 5-12 shows an ideal diagram- the bactericidal action of both free chlorine and
matic residual-chlorine curve in the presence of 0.9 chlraminos. Their effectiveness decreaes so
p. p. m. of ammonia-nitrogen. With 0.9 p. p. m. of rapidly with Increasing PH that under some condl-
ammonia-nitrogen initially present, there is no tions it may be better to lower the pH than to add
change in the ammonla-nltrogen content until 4.5 the excessive dose of chlorine required at high pH
p. p. m. of chlorine has been added (the ratio of values. The latter has been considered, though not
chlorine to ammonia-nitrogen is approximately 5:1). adopted. in connection with superchlorination us-
Until the combined available-chlorine residual is at ing hypochlorites. Large doses of hypochiorites
the maximum point (popularly called the "hump") materially increase the PH value.
the orthotolidine chlorine-residual content is the
same as the amount of chlorine added, and all of the 5-60. Control of Chlorination
residual chlorine is present as combined available (1) The following rules are suggested a safe
chlorine. After the "hump" has been reached, guides In the control of chlorine dosage:
added amounts of chlorine result in corresponding (a) Apply chlorine continuously at a point
decreases In orthotolidine residual chlorine and where thorough and rapid mixing with the treated
ammonis-nitrogen, until, when about 9.0 p. p. m. water will be effected; or, In batch chlorination, mix
has been added, the chlorine-residual content and by thorough stirring.
the ammonia-nitrogen content will be zero. Within tb) Differentiate free chlorine and chloramine
this part of the curve the residual chlorine present residuals.
is combined available chlorine. Increments beyond (e) If the residual is free chlorine and the PH
this "breakpoint" (zero point) produce correspond- is below 7, chlorinate to obtain 0.2 p. p. m. free
Ing increases in residual chlorine, and this residual chlorine residual after 20 minutes' contact. In-
chlorine is "free" available chlorine, creas this residual 0.1 p. p. m. for each Inceaing

(4) Free chlorine appears to be about 20 times pH Interval above 7, 1. i., for pH 7 to I maintain 0.3
more effoctive than chloramines in bactericidal ac- p. p. in., and for PH I to 9 use 0.4 p. p. m. residual.
tion f the pH is around 7.0 or lower. At high pH, It keeping the pH below 9.

AuEtM 1063 5_=
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(d) It is recommended that in common circum- works officer under the management control of the
stances chlorination be accomplished to levels of Comnmandant of the Marine Corps. The follow-
free-residual chlorine only. Both the production ing information has been extracted from reference
and the testing of free chlorine in the hands of Un- 4. For more detailed information on this subject,
Walnhd or partially trained personnel is more prue- refer to this publication.
Meal and more reliable than the use of an evalua- (a) Chlorination equipment should have a min-
dion at chloramine residuals (combined chlorine). Imu- capacity at least 50 percent greater than the
Where It is necessary to use breakpoint chlorina- highest expected rate of feed.
tion. the addition of chlorine in sufcient amounts 0i .utomatic proportioning of rate of chlorine
ID produce the desired level of free available chlorine feed to rate of water treated should be provided at
in most caes automatically carries the operator all plants where the flow varies more than 50 per-
through the procedure of breakpoint chlorination, cent from the average. Manual control should be
Under certain conditions, the use of chloramine permissible only where the rate of flow is relatively
(eobinsd chlorine) is a desirable method, but constant and an attendant Is always at hand to

sbe Ad be plrformed or supervised by adequately effect promptly any necessary adjustments in dosage.
Ouaned personnel. Further details may be found in (c) All chlorination equipment should be in-
grdase 4. stalled in duplicate to ensure uninterrupted opera-

(2) Where bacteriological tests indicate that the tion. Duplicate units should be operated frequently
above-minimum requirements are inadequate a re- to assure workability. A complete stock of spare
s fta of free chlorine of from 0.1 to 02 p.p. m. may parts a.id tools should be maintained for emergency
be maintained throughout the distribution system, replacements and repairs.
in which cae chlorination at the plant is regulated (d) Chlorination equipment should be capable
to Provie the desired residual at distant points In of satisfactory operation under every condition at
the distribution system. In no case should the the plant. A supply of water, free of coarse sus-
mosintenance of residuals in the distribution system pended matter, should be available under adequate
be looked upon as a satisfactory substitute for proper pressure to ensure the continuous operation of solu-
sanitan protection of the water durirg distribution tion-feed chlorinators. Alternative sources of power
(artM " (5). for maintaining this pressure should be provided

(S) Treatment by coagulation, sedimentation, where necessary to ensure continuous operation.
and filtration, followed by chlorination, probably (e) Scales, preferably of the recording type,
provides adequate protection against the cysts Of should be provided for weighing cylinders of chlorine

%damuoeb.a histo/ttc. (See art. 5-4 and 5-14.) In order to obtain loss-of-weight figures for checking

(4) Muniepal-type water treatment including the rate of feed setting on the chlorinators.
coagulaton, filtration, and chlorination provides (f) A sufficient number of cylinders of chlorine
adequate protection against the cercariae of sehisto- should be connected to chlorinators in use to assure
somlsala. OTH in doses suffictent to produce one adequate operating pressures at all times.
part per million free available chlorine residuals ae t opert sture at allrimes.
after 20 minutes' contact time has been shown to c go A su ldcient stock of chlorine gas or chlorine
destroy the Infectious organism. In filtered or nat- compounds should be on hand to preclude any dan-
urally clear water one Iodine tablet In a canteen ger of exhausting the supply of chlorine.

of water has been shown to produce complete pro- (h) Hypochlorite solutions should be prepared
tection after 5 minutes' contact time. In the pres- in a separate mixing tank and then diluted and
enee of high organic content, however, even two allowed to settle so that only clear liquid is with-
tablets of iodine per canteen after 30 minutes' con- drawn to the solution storage tank which supplies
tact time may prove insufficient to kill all the cer- the chlorinator.
carlae. Under these circumstances, highly turbid (i) The strength of hypochlorite solutions
waters must either be filtered and clarified or be should be checked frequently and should be renewed
allowed to stand for 48 hours prior to use inasmuch as frequently as necessary to maintain them at satis-
as the cercarise die a natural death in that period factory strength for accurate control of chlorina-
of time. tion.

5-61. Chlorination Equipn.ant (j) Chlorinators for feeding gas, and cylinders
of chlorine should be housed above ground in special

(I) Chlorination equipment at Navy installations rooms, provided with exhaust fans that can be set
is selected. installed and operated by the Public in operation from outside the room and provided
Works Department under the management control with heating and, if necessary, cooling facilities to
of the Chief of the Bureau of Yards and Docks. At maintain temperature above 60' F.. but below max-
Marine Corps managed installations this work is the Imum outside summer temperatures. Heat shall
responsibility of the maintenance officer or public never be applied directly to chlorine cylinders.
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4 1k) Suitable gas masks and a bottle of ammonia residual chlorine and, where coagulation is used,
for testing for leaks should be kept immediately Jar tests to control the dosage of coagulants. The
outside of rooms in which chlorine gas is stored or frequency of testing required for proper operation
used. control of a filter plant depends on the character of

the water treated and on its variability. Bacterial
5-62. Operation and Laboratory Control counts and rollform tests on the raw and finished

(1) Every water purification and disinfection water should be made daily. Turbidity and chlorine

plant should te under the charge of a technloally residuals in the finished water should be determined

trained supervisor. Plants treating variable or hourly.

highly polluted raw waters should have continuous 5--63. 3 g g the Efficiency of Operation
and full-time trained supervision. Under some con-
ditions small plants may be left in the hands of (1) In judging the efficiency of operation of a
attendants or operators who lack scientific training water plant the following important items should
but who have been Instructed in the mechanical receive consideration:
operation of equipment. In such plants the super- (a) Training and experience of supervisor and

.visor should be in constant touch with plant attend- operating staff.
ants. He should be on call in any emergency and (b) Adequacy of operation records.
should visit the plant as often as is necessary to (c) Efficiency of laboratory control.
assure the safety of the water. (d) Suitability of plant design to the character

(2) For the ordinary filter plant, the minimum and pollution of the raw water.
schedule of laboratory tests should Include deter- (e) Capacity of plant In relation to the average
minations of turbidity, color, alkalinity, pH, hard- and maximum output required.
ness. bacterial counts, coliform bacterial numbers, (f) Freedom of plant from sanitary defects.
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APPENDIX A*
EACEGR OUND USD IN DEVELOP3NG THE 1962

DRINKING WATER STANDARDB

The P9tM Umaft Service Drinking Water Stand- special surveillance. An illustration of such poilu-
as of 1IM have been predicalted upon the bat and tion Is the presence of chemical pollutants originat-
blaest Information available at the time of their ing either from sewage or industrial effluents. Our-
promulgation. The con•ets and rationale included veillance of the safety of these water supplies should
In this Appendix were tued In making this revision include chemical, physical, radiological, and bloog-
and sould enable those whose responsibility it Is ical examination.
to Interpret. awply, or enforce the Standards to do Surface waters are subjected to increasing pollu-
so with understanding. Judgment, and discretion. tion and although some surface waters may be suM-

A-Source and Protection clently protected to warrant their use as a supply
B-Mkcrobiology without coagulation and filtration, they are be-
C--Physical Characteristics coming rare. Surface waters should never be used
D-Chemical Characteristics without being disinfectedL Because of the increasing
E-Radioactivity hazards of pollution, the use of surface waters with-

out coagulation and filtration must be accompanied
A-4OURCE AN P JROTECTION OF by intensive surveillance of the quality of the raw

SUjPPry water and the disinfected supply in order to assure
constant protection. This surveillance should in-

Mounting pollution problems Indicate the need clude sanitary survey of the source and water han-
for increased attention to the quality of source wa- dling, a well as biological, radiological, physical.
tams Abetement and control of pollution of sources and chemical examination of the supply.
will significantly aid. In producing drinking water The degree of treatment should be determined
which will be In full compliance with the provisions by the health hazards Involved and the quality of
of these Standards and will be esthetically acceptable the raw water. During times of unavoidable and
to the consumer. excessive pollution of a source already In use, it may

Production of water supples which posed no become necessary to provide extraordinary treat-
threat to the consurer's health depends upon con- ment (e.g.. exceptionally strong disinfection.' im-
tinuouS protection. Because of human frailties as- proved coagulation, or special operation). If the
sociated with this protection, priority should be pollution cannot be removed satisfactorily by treat-
gVven to selection of the purest source. Polluted ment, use of the source should be discontinued
sources should be used only when other sources are until the pollution has been reduced or eliminated.
economically unavailable and then only when the When used, the source should be under continuous
provision of personnel, equipment, and operating surveillance to assure adequacy of treatment in
Procedures can be depended upon to purify and meeting the hazards of changing pollution condi-
otherwise protect the drinking water supply con- tions.
tinuously. The adequacy of treatment should be Judged, in

Well waters obtained from aquifers beneath ir. part, upon a record of the quality of water produced
pervious strata, and not connected with fragmented by the treatment plant and the relation of this
or cavernous rock, are usually considered sufflcently quality to the requirements of these Standards.
protected tc preclude need for purification. Now- Evaluation of adequacy of protection by treatment
ever, ground waters are becoming polluted with In. should also include frequert inspection of treatment
creasing frequency and the resulting hazards require works and their operation. Conscientious operation

by well-trained, skillful, and competent operators is
*This Appendiz is copied from the P Drinking Water an essential part of protection by treatment. Oper-

Standards. IM. with the omission of references. The oom-
Plate Standard. (PRO Publication No. me) may be obtained O f reference to relationship of chlorine residual andSath Superintendent of Documents. UV. Oovernment contact time required to kill viruses. In section on Micro-
P"lIuaig Oee. Washington. D.C., t401--Prics 3o cents biology.
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CHAPTER 5. WATER SUPPLY ASHORE

star competency is encouraged by a formal program portions of equal volume and In portiom iosi-
leading to operator certification or licensing. tuting a geometric series.

Delivery of a safe water supply depends upon the
protetion of the water in the distribution system as COLIFOK GROUP AND F3CWAL OOLIPOEN
well as protection of the source and by treatment. ORGANISMS AS INDICATORN OF POLLUTION
Minimum protection In the distribution system IN D3INK3ING WATER
should include programs which result in the pro- The coliform group. as specified in UVS. Publi
vision of sufficient and safe materials and equipment Health Service Drinking Water Standards is defined
to treat and distribute the water; disinfection of in Standard Methods: "The coliform, group Includes
water mains, storage facilities, and other equipment all of the aerobic and facultative aneroble, Oram-
after each installation, repair, or other modification negative. nonspore-forming, rod-shaped baill'
which may have subjected them to possible con- which ferment lactose with gas formation within
tamination; prevention of health hazards, such as 48 hours at 35 C."
cross-connections or losw of pressure because of over- The coliform group Includes organisms that differ
draft in excess of the system's capacity; and routnle in biochemical and serologic characteristics and In
analysis of water samples and frequent survey of their natural sources and habitats. Escherichia coU
the water supply system to evaluate the adequacy of Is characteristically an Inhabitant of human and
protection. The fact that the minimum number of animal Intestines. Aerobacter aerogpees and Aero-
samples are taken and analyzed and found to com- bacter cloacae are frequently found on various types
ply with specific quality requirements of these Stand- of vegetation and in materials used In joints and
erds is not sufficient evidence that protection has valves of pumps and in pipelines. The intermediate-
been adequate. The protection procedures and aerogenes-cloacae (I.A.C.) subgroups may bF found
physical facilities must be reviewed along with the in fecal discharges but usually In smaller numbers
results of water quality analyses to evaluate the ade- than Each. coli. Aer. aerogeises and intermediate
quacy of the supply's protection. Knowledge of types of organisms are commonly present in soil
physical defects or of the existence of other health and in waters polluted sometime in the past. An-
hazards in the water supply system is evidence of a other subgroup comprises plant pathogens and
deficiency in protection of the water supply. Even other organisms of indefinite taxonomy about whose
though water quality analyses have indicated that habitat information is limited. All the subgrousm
the quality requirements have been met. the defi- may be found in sewage and in polluted waters.
ciencles must be corrected before the supply can be Esch. cob is therefore frequently referred to as
considered sae. "fecal coli"; the IJLC. group as "nonfecal." It

must be remembered, however, that these terms am
]f---iCROBIOLOGY only relative.

BACTERIOLOGICAL QUALITY sur'vil Times
Available information indicates that organism of

The bacteriological requirements for drinking wa- the I.A.C. group tend to survive longer In water than
ter as specified by the 1946 Drinking Water Stand- do fecal coliform organisms. The I.A.C. group sW
ards have been discussed extensively, tends to be somewhat more resistant to chlorina-

Colitorm Group tion than Esch, col or the commonly occurring bac-
Of the two bacterlogical examinatin--i-(a) terial intestinal pathogens. Because of these and

agar plate count for 24 hours at 35" C. and b) quan- other reasons, the relative survival times of the co]l-
titative estimation of the coliform group which have form subgroups may be useful in distinguihing
come to be recognized generally-the test for orga- recent from less recent Pollution. In waters re-
nisms of the coliform group is almost univermlly cently contaminated with sewage, it is expeeted that
conceded to be the most significant. The plate count fecal coliform organisms will be present in numbers
at 35" C or ,20" C) incubation temperature is not greater than those of the T.A.C. subgroup. But in
required In the definition of a safe standard for
potable waters but is useful as a routine quality waters that have been c not-
control test in the various water treatment proce- sderable length of time or have been insufficently

dures and as a method for estimating the sanitary chlorinated, organisms of the I.A.C. subgroup may be

conditions of basins, filters. etc. more numerous than fecal collform organisms.

It does not seem advisable to repeat extensive dis-
cussions of the principles involved in the quantita- This article authorind by Paul W. K&b~w and BMevl F.

Clark, war publshMed in J. Am. Water Weeks A. and Is
Uve interpretation of fermentation tests aording mrrinted an a part of tils appendis by psimamon ot tew
to the. 'most probable number" concept In multiple AWWA.
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aueiaucs of Oposs the adequacy of treatment. As an indicator of poUu-
Because was Membe of the cofm grg tion in drinking water mupply systems, and indirectly

Sr In de natura habita, attemPta as an indication of protection provided, the coliform
bags begs made to differentiate the population in group is preferred to fecal coliform organims (Mch.

polluted wa-s aeoeedins to their original sources. coli). Whether these considerations can be extended

In his plower woree mConkey defined the wo- to include rickettalal and viral organisms has not

pow g i In terms o certain fermentation char- been definitely determined.

aeeligtles, ability to produce Indole. and reaction in feal treptoco s Indlcators ol Polution
th Veas-Prodmsar test. Many contributed to the Fecal streptococcl appear to be characteristic of
devuiont of teehniques and laboratory data that fecal pollution, being consistently present in both
OWeinntlod the eollform, group on the bad& of the feces of all warm-blooded animals and in the
idob production, methyl red and Voges-Proskauer environment associated with animal discharges.
mainti, and citrate utilization (IMVIC tests) Into envionm t assoiate itheam al discharst
the 9cJs coll asrogenes intermediate. and r They do not multiply In streams or surface waters to
sabgrmsps. The ElJkman test was further developed yield overgrowths as sometimes occur with the coUl-

to distinguish organisms of fecal origin from those of :'orm group. So far as is currently known, they are

jnmefcl origin by increased temperature incubation. rare in soil or on vegetation not subject to continued

Smdtmg slgidesAc. fecal pollution. Therefore, the presence of fecal

Information on the sanitary significance of the streptococci in a water indicates fecal pollution with
the density equal to those originally present or re-vaioatypes of eollform organisms Is incomplete. duped by natural purification processes.

In relation to untreated waters, however, the present Dyccarefulaanalysifithe treptc

position may be thus stated: BY careful analysis of the streptococcal species
present, the source of the fecal pollution can beFeca coifor oranims (ach coi) my ~ estimated. For example: predominating strains of

considered indicators of recent fecal pollution. No stedtoc ou ecmle: Indi man fecal o-

satisfactory method is currently available for differ- Streptococcus fecalis indicate human fecal poilu-
entitinsfecl colfom oraniss o humn " tion; S. bovis and S. acidoininimus predominate in

orti gin . Therfore oitanisnecessary to hu nsnder bovine excrement but are rarely present In human
anfecal or rin Thereforen s It ineicavesa tof conser- feces (about 0.4 percent of Streptococcus density);

all fecal coliform organsms as indicative of danger- while in porcine excretal material, the species are
i ouscoitaminatton. about one-third S. fecalis (atypical types), one-

In the absence of fecal coliform organims, the third S. bovis and one-fourth S. acidominimus.
presence of I.A.C. group organisms in untreated Thus, it may be possible to separate human from
waters may be the result of relatively less recent other animal pollution and further studies of vari-
fecal pollution, soil runoff water, or infrequently, ous animal excrement may permit further inter-
fecal pollution containing only the LA.C. group. pretations.

In general terms, the presence of fecal coliform Improved methods and media are urgently needed
organisms indicates recent and possibly dangerous for the analysis of streptococcal group. Investiga-
pollution. The presence of I.A.C. organisms suggests tions on the distribution of the various species of
less recent pollution or reveals the existence of de- streptococci In nature .'hould be diligently pursued.
fecUs In water treatment or distribution. Aside Dextrose-EVA--multiple-tube procedure

Summary yields good results with the streptococci species pres-
The presence of any type of coliform organism in ent in humans but is relatively ineflicient for the

treated drinking water suggests either inadequate analysis of fecal streptococci present In other ani-
treatment or access of undesirable materials to the mals. The Slanetz MF procedure yields a few more
water after treatment. Although there are some species. The KF streptococcus medium and bio-
differences between strain and subgroup organisms chemical test procedures appear to offer promise
with regard to survival under natural conditions of a more complete enumeration of fecal streptococci.
and reasstance to chlorination, in general all the The streptococcus group In potable waters which
coliform organisms exhibit survival and resistance are not chlorinated or which are in surface waters
patterns in the same order of magnitude. The pres- to be treated, appears to have certain advantages
ence of coliform organisms (as defined earlier) in as indicator organisms in the interpretation of the
treated water calls for definitive action for their type of pollution present. However, they do not ap-
elimination. Pear to have any advantage over the collform group

Insofar as bacterial pathogens are concerned, the in the examination of adequately chlorinated po-
coliform group is considered a reliable indicator of table water.
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Eatertc Viruses in Water Increased contact times should be furtder bwa
Enteric viruses (infectious hepatitis, poliomyelitis, gated.

Coxsackie. and ECHO) should be considered as Virology techniques have not yet been developed
waterborne Infectious agents. Epidemiological evi- to a point where virus enumerations can be reoem-
dence indicates that treated water from a public mended as a routine procedure in mlcroteoiula
supply Is not a frequent carrier of such organisms. examination of drinking water. Development of
Clarke and Chang have recently reviewed both the methodologies to Permit such ezAmInaticn Is cur-
published reports on outbreaks of infectious hepati- rently under Investigation but may require extend• d
tis and poliomyelitis and laboratory evidence on the periods of study before perfection. The obectives
resistance of various enteric viruses, of a research program under which several labora-

An estimated 20,000 to 40.000 cases of infectious tortes could cooperate should Include the acciula-

hepatitis were reported in Delhi. India (1955-56), tion of sufficient data snd the development of

attributable to treated municipal water supply. The methodologies on which to base standards. In the

outbreak was not accompanied by noticeable In- =.1.rlm, control 'labaratrles having access to fs-

crease of typhoid fever and other Intestinal diseases. eilities for virus isolation and Identification should

This indicates that, In practice, the virus of infec- be encouraged to utilize the best available procedures

tious hepatitis is more resistant to chlorine (chlor- for evaluating the occurrence of enterovilrues In

amine) than are vegetative bacteria. On the treated waters.

strength of epidemiologlical evidence, poliomyelitis C-- HYSICAL CN.[.&CIDZ J aCS
outbreak in Edmonton. Canada was attributed to
the drinking (treated) water supply. Kelly and Turbidity, color, and odor requirements ae easily
Sanderson showed (1958) that inactivation of enteric attained during general use by properly designed
viruses (Polio virus Z:MK 500 and Mahoney and and operated treatment plants and distribution
Coxsackie BS) in water at pH 7. and 251 C requires a systems. Failure to meet these requirements Is an
minimum free residual chlorine of 0.3 mg/i for at indication of either inadequate treatment facilities
least 30 minutes. At higher pH levels or lower tern- or improper operation of the system. Supplies used
peratures, either more chlorine or longer contact without treatment should also meet these require-
time is required. The same authors (1960) showed ments. It should not be implied that these turbidity
that for the same viruses in water at 25* C and a PH limits represent acceptable effuent standards for
of 7. a concentration of at least 9 mg/i combined water treatment plants. Such plants should rou-
residual chlorine is necessary to Inactivate with a tinely produce water with a turbidity of less than
contact period of 30 minutes; of 6 mg/i with a 1- one unit.
hour contact time; 0.5 mg/1 with a contact period of Although these tests do not directly measure the
more than 7 hours. safety of the water, they are related to consumer

Sabin found 10" TcD., of polio virus per gram of acceptance of the water. The levels of 5 units of
feces in human stools. Neefe et al. estimated there turbidity. 15 units of color. and a threshold odor
were 10' to 10' infectious doses of infectious hepa- number of 3 are levels at which these characteristics
this virus per gram of feces from human came. become objectionable to a considerable number of
Other estimations of viral content in feces have been people. Experience has shown that under such ali-
in the same order of magnitude or less. Human curnstances, many people turn to alternate supplies
feces normally contain 10. to 10" coliforms bacteria which may be less safe.
per gram. An estimated mean value is 101 colnforms
per gram. Because nearly all feces contain coliform D.--CHRICAL C].&LLOTRRIITICS
organisms and only a relatively small portion (2 to
20 percent) contribute pathogenic virus, domestic INTRODUCT ON
sewage normally ccntalns approximately 10,000 In its report, the Advisory Committee defined
times as many coliforms as virus. Virus populations guidelince which were used in developing the stand-
in sewage and polluted waters are subject to die- arda. The following pages present detailed data
sways due to aging, adsorption, and sedimentation, and the reasoning used in reaching the various
dilution, and various undetermined causes. It Is chemical limits.
likely, therefore, that the virus content of polluted In general. "grounds for rejection" limits are
surface waters, wells, etc., is quite low when judged based on the fact that the substances enumerated
on the basis of the coliform-virus ratio. This rela- represent hazards to the health of man. In ar-
tively low virus content may account for the appar- riving at specific limits, the total environmental
ent paucity of virus infections attributed to such exposure of man to a stated specific toxicant hm
sources. The possibility of waterborne epidemics been considered. The Committee has attempted to
remains, and the efficacy of various water treatment set limits at the lowest practical level in order to
processes including high free chlorine dosages and Minimi•e the amount of a toxicant contributed by
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wO, Paroularly when other sources such as milk, supplies if any at all are present. The principal
food. or air we known to represent the major ex- agent In this anionic group is the sodium salt of

I mom, the sulfonatlon product of dodecylbensene, an alkyl
The limita, which should not be exceeded when aryl sulfonate, termed alkyl benzene sulfonate or
imu amitte water supplies can be made available, simply ABS. It is largely for this reason that the

ae buas factors which r a supply less de- degree of detergent contamination is established
s habs far use. These considestiome relate to ma- currently in terms of the concentration of alkyl
temls which Impart obje•sthma taste and odor bensene sulfonate (ABS). for which quantitative
to watrs, rId it esonomicafly or aesthetically in- determination can be made by practical and rea-
forlor. or are eeic to fh or plants. In one Instance sonably satisfactory laboratory procedures.
((moa Chloroform mtroet), the limit is expected In general, commercial AB8 Is produced by con-
ebs to have utility a a generalized procedtre for densing polypropylene (typically the tetrapolymer)
NWng toxic m e to organic chemicas. with benzene, followed by a distillation cut to yield a

The Drinking Water Standards are regarded as a reproducible product. ABS is thus a controlled
stanrd of quality which is generally attainable mixture of isomers and homologues of dodecylben-
by good water quality control practices. Poor prac- zene, which upon sulfonation may be represented
Ike Is an inherent health hazard. It has been the by the following typical structure:
policy of the Committee to set limits which are not
so low as to be Impracticable nor so high as to en-
courae pollution of water. C,,H,

No attempt has been made to prescribe specific
limits for every toxic or undesirable contaminant
which might enter a public water supply. While
the Committee is fully cognizant of the need for
continued attention to chemical contaminants of Concentrations of anionic surfactants found in
water, the Standards are limited to recognized need. drinking waters have ranged from 0 to 2.6 mg/i in
Standards for innumerable substances would require well water supplies and from 0 to 5 mg/i In river
an impossible burden of analytical examination, water supplies. In one instance, a municipal water

supply contained 5 mg/l when a period of drought
ALKYL BMZKZ SULFONATE necessitated use of an impounded, highly purified

sewage treatment plant efuent as a raw water
(Anionic lurfactant) supply.

The surfactant is a synthetic organic chemical In a study made for the purpose, 10 percent of
having high residual a-nity at one end of its mole- those using water containing less than I mg/i anionic
cule a low residual afmnity at the other. Its vig- sulfonated detergents complained of an off-taste.
o.n. surface activity Justifies not only its name but whereas all those using water containing 1.5 mg/i
IU use as a principal ingredient of modern household complained of an off-taste. Frothing was also a
detergents. Surfactants may be divided into two common complaint occurring most frequently at con-
broad chemical classifc•ations, ionic and nonionic. centrations of I mg/i and above. The off-taste has
Ionic types may be either anionic (-) or cationic been described as oily, fishy, or perfume-like. ABS
(+). Alkyl benmene sulfonate is a typical anionic itself is essentially odorless. The odor and taste
surfactant. characteristics are likely to rise from the degrada-

Contamination of drinking water supplies with tion of products of other wastes rather than from
surfactants results from their disposal, as household ABS. The concentration of ABS in municipal sew-
and industrial wastes, into sources of raw water. age is of the order of 10 mg/l. Thus waters con-
Such contamination Is appearing in supplies from taining ABS are likely to be at least 10 percent of
both surface and ground waters. Other potential sewage origin for each mg ABS/l present.
sources of human Intake of surfactants are inade- From the basic toxicologic point of view, there are
quately rinsed cooking and household utensils and two reports which are especially pertinent to the
dinnerware and food. present consideration.

More than 75 percent of the surfactants in house- 1. The Toxicologic Subcommittee of the Food
hold detergents are of the anionic type. Alkyl aryl Protection Committee of the Food and Nutrition
sulfonates account for almost three-quarters of Board. National Research Council, published a com-
these, the remainder being mostly alkyl sulfates. prehensive report In 1956 bearing on the question of
Next in extent of such use are the nonionics. the surfactants in food. Reviewing extensively the acute
eationies making up only a small percentage. Hence, and chronic toxicity studies which have been re-
the anionic group comprises the specific materials ported on these chemicals, they found that there
of this type most apt to be present in raw water appears to be little specific relationship of toxicity
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) to surface activity (reduction of interfacial tension). However. antimony contamination of the watar
In conclusion, it was stated that: supply at a military installatim prompted a eview

(a) There are no toxic effects common to all and investlgation of the problem. The stbuf
surfactants. levels herein stated wine formulated by the Uwnap

(b) Surface activity per se is not a measure of of medicine and surgery upon eonultatiom with
toxicity. the US. Public Health Service. National Research

(c) The safety of each surfactant used in food Counci• and numerous other authorities.
must be determined separately. Potassium antimony tartrate (tartar smstts) to

The report pointed out that surfactants may oc- one of the oldest medicinal metall preparations.
cur fortuitously in some foods in amounts of a few but its appma t toxicity has resulted In doclining use

parts per million and that: "It appears probable In recent years. Toxic reactions are similar to

that the Interfacial tension existing in the diges- arsenlc reactions and Include generalizd irritation.

tive tract of a healthy human is so low that it will depression and occasional coma, and collapse bom

not be further lowered by the small amounts of systemic effects. The nausea and emetic propertiss

synthetic surfactants which may be present in food." of antimony compounds, due to irritation of the gas-

2. In a report on an investigation dealing with the tric and intestinal mucosa, represent a distinct safe-
chronic and subacute toxicity for rats of several guard against oral Ingestion of these matirials.

surface-active agents, among which was sodium Fatal doses cannot accurately be estimated due to

alkyl aryl sulfonate. Fitzhugh and Nelson declared the emetic action but literature does record deaths
that: "The toxic effects of the surface-active agents from doses of 100 mg or more.

studied in the experiments were produced by irrita- Antimony poisoning In children as a result of

Lion of the ga,&. ohi•a a; . o.LOO00 ppm or drinking pink lemonade which had been stored over-

more in the diet). To an extent which depended on night In an agate pot was reported in 196 (Werrin).
the concentration of the surface-active agents in the Symptoms were primarily nausea and Inter
diet. this irritation prevented proper nutrition. In voiiting. severe abdominal pain. and diarrhea.
severe cases of irritation, death resulted. Antimony and arsenic are similar metals. How-

It is recommended that alkyl benzene sulforate ever, antimony is considered to be, with respect to its

(ABS) in drinking water be limited to 0.5 mg/l, in- i compounds. much lea toxic than

asmuch as higher concentrations may cause the arsenic compounds. This statement does not hold

water to exhibit undesirable taste and foaminh. true for organic compounds; as an example, whereas
Concentrations of AB8 above 0.5 m/1 are also In- antimony trioxide has a lethal oral does for the ratdicanve of questionsf raov able levels of other geater than 20,000 mg/kg body weight, that of the
sewage pollution a tartraft Is from 50-120 mg/kg for various small asl-

smals. Corresponding data for arsenic trioxide vary
An ABS concentration of 0.5 mg/l in dinkng from 13-140 mg/kg for various animal species.

water. In tei ms of a daily adult human intake of 2 Available information on the chronic toxicity of
liters, would give a safety factor of the order of antimony relative to that of arsenic indicates that
15.000, calculated on the results of subacute and 2- the chronic toxicity, although slightly less, is not
year tests on rats fed diets containing" ABS. In r les than that of arse.
these rat studies, It was found that levels of ABS in
the diet of 0.5 percent and below produced no ds- It Is the opinion of the U.S. Public Health Service
cernible physioloical. bichemical. or pathological that if the antimony limit does not routinly exceed
deviations from p olg al. 0.06 ppm, there will not be a hasard to health. If it

should on occasion reach 0.1 ppm, there shouid not

Human experience (6 subjects) with oral does be case for alarm. It is, of course, desirable that
of purified ABS of 100 mg (equivalent to 2 liters of over long-time periods, the pteenoe of this metal
water containing 50 mg ABS/1 daily for 4 montli be kept to below the level recommended for arsenic.
led to no significant evidence of Intolerance. namely, 0.01 ppm.

ANTIMONY" AIsMrC

Due to the limited knowledge concerning the prep- The widespread use of Inorganic arsenic In ie•ee-
erties of the various antimony compounds and the ticides and Its presence In animal foods, toaco. and
few instances reported in which antimony in water other sources, make it necessary to set a limit on the
constitutes a problem, antimony was not considered concentration of arsenic In drinking water.
for inclusion in the U.S. Public Health Service Drink- Normal human blood contains approximately 0.064
Ing Water tndards, 162. mig of arsenic per 100 ml, where* urine ay sm-

•Not coajoa in s D ng wast 8tawner, tet taln from trace amounts up to mg per day. Arsenic
these, Melts were dtarman by the Bureu of M m is found In many foods in varying amountas oocur-
8ursm. the U.s Public Shaith ,.•rvie. and other authorltl0s ring naturally In some foods and Introduced In others
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40a park nd to b" and appears in poultry feeds BABXUX
W as a paoiGS 6'v" Shellfish am erustaueens
UM seatalea up to 170 ,pm, but 8Its etocted that Reference to a limiting concentration for barium
a11IGIUDI of aralod fP thi scu Is H . In the Public Health Service Drinking Water Stand-
Y65tobes andluB (Sd who) may contain vary- ards of 1946 is confined to salts of barium .. shall
lug mal amowagta The tolerance jor, arseniM o n ot be added for water-treatment Purposes" No
oprayed huk and vegetable set by the Foo and reference to barium is made In the International
Drug Adbarto is 3.6 pm. Neither trivaln Drinking Water Standards of ION1. Barium occurs
nor pentavmlent mimnic is known to be an egsential naturally In some mineral springs as the carbonate
or bwauskW element, SMd the body Is not known Sam
to be dependent on a daily Intake. Barium is recognized an a general muscle stlmu-

The tociMW at arsenic to well-known and th in- lant, including especially the heart muscle. The
p on f as litl a 100 m usal reut In fatal does for man Is considered to be from 0.8-0.0 g

mwer poisoning. Chronic poisoning from arsenic as the chloride (350-400 mg Ba). Moet fatalition
may be bhisdlous SM pernicious. A considerable have occurred from mistaken use of barium salts in-
proportion Is rst-jeed at law Intake levels. A single corPorated in rat poison. Barium Is Capable of
diose may orerh P 10 day. for complete disappearance causing nerve block and in small or moderate dowse
and 26i slow ezmrtion Is in part the bads for Its produces transient increase in blood pressure by
oueulitiv effects. vasoconstrictionl. Aspirated barium sulfate has been

30th trivale ntdS pentavalent arseic we eassily reported to result in granuloma of the lung and
absobed from. the gastrointestinal tract SMd lung, other sites In man. Thus, evidence exists for high
SMd become distributed thruht the body tisues acute toxicity of ingested soluble barium salts, and
SMd fluids. The toxicity of the pentavalent form is for chronic irreversible changes in tissues resulting
believed I* be due to Its md o to the trvln from the actual deposition of insoluble forms of
state. Inorganic arsenicals are potent ihb.5 barium in sufficient, amounts at a localized site. On
of the intracellular SR enzym~es involved in cellular the other hand, the recent literature reports no
oxidations. The concentration of arsenic in kidney. accumulation of barium in bone, muscle, or kidney
liver. SMd the walls of the intestine can lead to seri- fro experiental administered barium salts In
ousceeune animals. Most of the administered dose appeared

Recet eidece sppots he iew hatarsnic In the liver with far lesser amounts In the lungs and
Recet eidece mp~ot5 he iew hatarsnic spleen. This substantiates the prior finding of nomay be carcinogenic. Industrial workers in a plimt measurable amounts of barium in bounes or soft tis-

manufacturing arsenic powder were exposed to ar- sues of man. Later, more accurate analysis of hu-
arnie dust SMd showed a higher incidence of skin man. bone (British) showed 7 ug Ba/g ashed sample.
SMd lung cance than other occupational groups but no increas in bone barium occurred from tirth
Ulceraition of the nasal septtim appears to be a corn- to death. Small amounts of barium have~ been
mon finding among workers exposed to Inorganic shown to go to the skeleton of animals when tracerarsenic. Thbe Incidence of skin cancer has also bean amounts of barium-140 were used, but no determi-
reported to be unusually high in areas of England ain fbru ae enmd naiast
where arsenic was present in drinking water at a nationho barium had e been rep atedl adinisee for
level of 12 mg/i. whc periods dbe epael dinsee o

Arsenic concentrations of from 2 to 4 mg/i are logprds
repoted ot t inerfee wih ~No study appears to have been made of the

cisreamse notoinefr e hav te arsenicconcentr tionso amounts of barium that may be tolerated In drink-
tof 14mg/i beno haveu tor mani y cnymphaios and 10 In water or of effects from prolonged feeding ofto 1 mgI ben hrmfl tomayly ymph an 10 barium salts from which an acceptable water stand-to 20 mz/i to dragon SMd damsel flies. BSes have ard may be set. A rational basis for a water stand-tolerated 6 mg/I for 232 hours. A concentration ard may be derived from the threshold limit of 0.5
of 15 mg/i prove toxic to crappies SMd blue gills. mog Ba/mIn air set by the American Conference of
SMd 20 mg/i (as sodhium arsenite) proved harmful Governmental Industrial Hygienists by procedures
to minnows after 36 hour exposure. that have been discussed. By making reasonable

The US. Public Health Service Drinking Water assumptions as to retention of Inhaled barium dusts
Standards for 1946 established an arsenic limit of and absorption from the Intestine (an Including a
0.05 mg/i. In light of our present knowledge ao- safety factor) I mg/i Is derivable as a limit that
comning the potential health hazard from the Inges- shoulid constitute a "no effect" level In water. Con-

*hUm of Inorganic arsenic, the concentration of ar- aentrations of barium in excess of 1 mg/i are
seekc In drinking water should not exceed 0.01 mg/l grounds for rejection of the supply because of the
SMd concentrations In excess of 0.05 mg/i are seriousness of the toxic effects of barium on the
grounds for rejection of the supply. heart, blood vessels. S nerves.
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) Limitse and Ranges Relative to Nariun Standard
I. Average U.S. urban air conenitration ------------- 0.095 2,1=8rn
S. Burfaee and ground voters ------------------ ot = 6all
3. Concentrations harmful to fi s. ------------------- 1
4. concentrations hearmful to Daphnis Maga. ---------- 30 m
5. Barium content of Brasil nuts (Only food with barium in

considerable amounts) -------------------0.00-0.3%
6. concentrations of various natural anions reauired to reach

solubility product of barium salts: NW W o
ah 1=ahiwN~deesim

3.0-----------------u- XI&i J1s3 ue 0*

says------------------- 1.7X 10-1 9000 F
The solubility of reatively Insoluble barium salts levels of 15. 48. 75. and 135 ppm eedmkbs. shwevd

such as the sulfate may be increased in the presence marked anemia. retarded growth. and In marw in-
of Iron. magnesium, and aluminum salts, so that in stances depah at tOe 135 ppm level. At lowr sad-
the presence of the latter. calculations of solukibiity mium levels, anemia developed later. only one cad-
from the solubility product may not apply. mium-fed animal had marked anemia at Owe 15

ppm level. Bleaching of the incdsor teeth occurred
CADXIUX in rats at all levels except In some animals at If pom.

A low protein diet Increased cadmium toxicity. AAs far as Is known. cadmium is biologically a non- mxia "no effect" level was thus not astahlided
essential. nonbeneficial element. On the other hand, in the above studis. A dietary relation to cadium
cadmium Is recognized to be an element of high toxic toxicity ha ben reported by ashen.
potential. Slight cognizance has been taken of Pigty ppm cadmiu administered as cadmium
this In water quality control as evidenced by the chloride In food and drinking water to raob reoulleil
fact that only the USSR, and In the United States, in a reduction ot blood hemoglobin and lemsenad
North Dakota. have set a permiasable water stand- deatal Pigmentation. Cadmium did not deras..
ard for radmIum, 0.1 mgjl by the former and 0.4 experimental carieft.
mg/i as a tentative value by the latter. liecogni- In a study specifleally designed to determine the
tion of the serious toxic potential of cadmium when effects of drinking water oontaminated with cad-
taken by mouth is based on: (a) poisoning from Wi- 5 groaWs of rate were exposed to drinking
cadmium-contaminated food and beverages. (b) water containing levels from 0.1 to 10 mg/i. Al-
epIdemiologIc evidence that cadmium may be &as though no effects of cadmium toxicity were noted.
soclated with renal arterial hypertension under cer- the content of cadmium In the kidne and liver
tain conditions; (c) long-term oral toxicity studies Inereese In direct proportion to the doses at all
in animals. levels including 0.1 mg/i. At the end of 1 year,

The Possibility of cadmium being a water con- tsume concentrations approximately doubled thosetaminant has been reported in 1914; seepage of at 6 nonfts. Toxic effects were evident In a 2-
cadmium into ground water from electroplating month study at 50 mg/i.Iplants has resulted in cadmium concentrations Thus. all levels of dietary cadmium o, far testedranging from 0.01 lo 2.2 mg/i. Other sources of have shown cadmium accumulation In the soft Uis-cadmium contamination in water arisa from zinc- sues down to and including 0.1 mg/i (lin drinking
g0alvaize ron In which cadmium is a contaminant, water).- Because the presence of minute amounts

Several instances have been reported of poisoning (5 X l0V'W of cadmium in rat liver mitodo~ban
from eatin substances contaminated with cadmium. haa been shown to toterfere with an importan Path-
A group of school children were made Ill by eating way of metabolism (uncoupled oxidative phoq&=og-
POpsicles containing 12 to 15 mg/i cadmium. This latlon) . a" because suspicion haa been cast on O
is commonly considered the emetic threshold son- Presence of minute amounts af cadmium in the kid-centration for cadmium. It has been stated that new so responsible for adverse renal arterial, changes
the concentration and not the absolute amount de- in man concentrations at cadmium in excess at
termines the acute cadmium toxicity; equivalent 0.01 mg/i in drinking water ar grounds for rejec-
concentrations of cadmium in water are likewise tion of the supply.
considered more toxic than equivalent concentra- Further evidence that a concentrationcat 0.1 mg/i
tions in food Probably because of the antagonistic can be tolerated Is found in a study made on long
effect Of Components in the food. continued cadmium absorption wihbout histuofycChronic oral toxicity studies In rats, In which symptoms, in Individuals whose drinking ater hadCadmium chloride was added to various diets at an average cadmium content of 0.04? mg/I.
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imit and Naugag Selative to Cadmium Water Standard

U.SL averwge urban air meeentration (1900466) 0.000 ug Cdl/m
U.8, mW urban air • e emttration (1954-06) 0-0.099 ug Cd/.mr
06 sneen tion Iethal to minnows --------------------------- 1,000 mg/1

d enesamm.id•. lethal.to otioklebaek -------------------------- 0.90 mg/l
Od ememn tratiunm in tobacoo N.ot known
0g mnt•atratlom. in foods N------------------------------------- ot known

0*331 CC LOROIO• ZXTR.CT of iS or more, they found results which are sum-
marised in table 3. In the Triangular taste test.

The me rtbom Chlorooan Rtract (CCE) a the panel members are asked to taste three samples.
a practical messw. of water quality and as a sa:e- Two of the samples may contain either the salt
guard against the Intruin of exe sIv amounts being tested or distilled water, while the third Is dif-
at poteantiSlI tic material Into water has been die- ferent from the other two. The panel member Is
csed elsewhere. It I proposed as a technically asked to Identify the odd one. Using this test pro-
prastmal pendAmo whiehb will afford a laoe measure cedure, the threshold concentration Is arbitrarily
C I Ne "m against the presenme of u etected defined as the concentration at which the num-
Smatbral In Diehed drinking water. her of correct separations is 50 percent above the

1l mest desirable condition l one in which the chance probability of one-third correct separations,
malesupl delivered to the consumer contains i.e.. when two-thirds of the panel make the separa-

Srganic residues. Residual organic matter In the tions correctly.
tresaed water clearly represents man-made or natu- The results shown in table 1 and table 3 are In
Ma pol nts which have not been removed In water surprisingly good agreement, considering the differ-
treatment or nmarial such as lubricant inadvert- ence In methods used. The Richter and MacLean
ently Introduced by the water plant. In view of a study found taste thresholds considerably below
uenal inability to clearly define the chemical and those of the other two studies. TheY support rea-
Schgical nature of this material, It is most de- sonably well the recommended limits of 250 mg/i

@&a* to limit it to the lowest obtanabu e level, for chloride and sulfates and 500 mg/1 for total
AM @ at data available Indicates that water solids.
Mn containing over 200 micrograms CCZ/1 of It should be emphasized that there may be a great

w represent an exceptional and unwarranted difference between a detectable concentration and
dsage c the water conmuer with Ill-defined chem- an objectionable concentration of the neutral salts.
leak It Is recommended that 200 ug CCE/1 be The factor of acclimatization is particularly Im-
the llw".an ementratiom In drinking water. portent. More than 100 public supplies In the United

States provide water with more than 2,000 mg/I of
C]O3 )]M , SULFATE, AND dissolved solids. Newcomers and casual visitors

DISSOLVED SOLIDS would certainly find these waters almost Intolerable
and, although some of the residents use other sup-

T Importance of chloride, sulfate, ad - M plies for drinking, many are able to tolerate If not to
acids as they affect water quality hinges upon their enjoy these highly minerallzed waters.
tase and lazative properties. There Is evidence that Relatively little Information Is available on con-
e ,zesve amounts of thee constituents caue con- mar attitudes toward mineralized water. In this
sumer reactions which ma= reult In Individual connection, the findings of a survey made by the
treatnt or rejection of the supply. Thereore. California State Department of Public Health
limiting amounts for these chemical constituents showed that in five communities where the public
have been Included In the Standards. The bases for supplies were highly mineralized, about 40 percent of
developing thee. limits ar described below. the families surveyed purchased bottled water and

Taste about 50 percent stated they were dissatisfied with
The literature contains a number of reports on the water. These supplies had dissolved solids con-

the taste threshold of various salts. Whipple. uing tents Inrangeof $00 to 1,750mg/l. Calcium, sulfate,
a panel of 10 to 20 persons, found the range of con- And magnesium were the dominant Ions present,
eostration Ck various salts detected as shown In with sulfate concentrations In the range of 300 to 700
table 1. Rlchter and MacLean studied the reeponse mg/i.
of a larger panel to sodium chlorid In distilled The taste threshold for magnesium ts said to be
water. Table 2 sumnmaizes their results. 4000 m/il.

Lockhart. Tucker, and Merritt also studied the Loxative Effects
taste threshold of the lons In distilled water by Both sodium sulfate and mamgesum sulfate are
studying the effect of ions in water on the flavor of well known laxatives. The laxative dose for both
brewed coffee. Using a triangular test with panels Olauber salt (N.SO,.10.HO) and Room salt

5-4',August 196:8
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(MgSO1 7EW0 is about 2 grams. Two liters of water dissolved sotlids mooeed 2,000 Ug/h. a malerIf' cc
with about 300 mg/i of sulfate derived from Glauber those who gave a definite roply Indicated a laxave
mast. or 390 mg/i of sulfate from Rsom salt, would effect.
provide this dose. Calcium sulfate is much lass Othe Rachs
active in this respect.Egl m~aiealled water affects the quality of

wTeris rlaxtied efeto miseaomqualy. Thisas by eenw- h ro~t~epoln~otc
cobtrsained byshavil usndividuales suhittin wulater withfte ground makes itcheK Touke lsr, amodium.

One whideasky abeouttes tascimtead todor of thoe Ait higd ht frouhminera toncentratofloridwaes we
water.Is lax reativel effect (rticualm ntoeeo.~n opetb nsbefr rnig hs

Thmed NothaousnIta, Itst Deffecet ofnket coffee. G~cn atrdinerstuaiedI the ranget aofE io000 mgwo
effcolectptoes inormtone oni the aaaieefcso nd nhebedinnotibe of idered fere.adhao

weteraso reated toomieehale qnaliy.e pais ofs then daha Couclityofn h rdc o rlne o
cobtaited pyavticularlyiwithreard sumtotheg waatver with the greommnded thawter coff ta ining OWNe

sapetersn forn tht.ingneral , anlsscmlthe watqestcon- had oa dissic olvted oius nofet.b sdIfehr
taiewicg more tanou t50 tetsa/ioo of sutaeshwe e l Ata high enough miea coI~ncen traisn Iw bef-
wae.Islxtive effect andtclalyo those wihlsrha 0 gioten eces copletelybycnsidlefrain drinteitg. aThae-
eaccuytdid notuin IfthewtrwshghI)ansu. ti effect a ofe n t ocnrtos a we Iomnl t e priene d woith watermg
teeffect wnpoatos showkdn at lowe snlfat cotbenoentra-hre

Pternso tandI te alnswr oiat Moore havie sullyate cocetrtit of the tot 1.000 mg/
showlced, tharticlrywteadth laxative efetIertxeecdb the rcommende tmuha ma atesuors sodim Isi prst
moset sestvof ro.ntacutmdt the water, hthang waters/ of schoquali are nolfte geeaidly

whetesn fagnesium ingneah waser aont 2009/ mg/ andy~dsrbe tissle reogl&nisdoht ae uosed iteraleoss
taiernge poero when 70magneofsumfawashoe a0-.0 maze. bieralofe supplies wite daovedlsolds Inl excss theb

Mooreefc analsd thoe data aes shown 600 tabl en .rcmended prmrlimt are uosiedatwithout any.obviou
Werlyddnot sulf eates wplusg i magnesium. exedt00m/ r il effects.aecmol xeine ihM

th fetwaslew 1.-R loger oufat cccmmonoftra-iu at eetdb et nd~kn
tions than H ~ ~ ate byhe panel wef 10innt toor hain pufaesonsetain f00 ol~ g

mostsenitie Salnt acutedit hewte, Antog aerfsc qualiyangegewf

whe mgnsim asabut20 mg W y he deirbal t i reconion Salta consideabenm

avrgepron---------------------------5300 150l 8500 ofsppiswihds-3e8sld0i o o h

Seawater--------------------------------'00---------onsg

Sal Media E mn Mar5.

*&its Anion gai Aio

p C - --- -- -- - - --- 5 52 0 $ 0 6 0 1 7 9

N& - -- -- -- -- -- -- -- -- S o og 90-4 0 21 97
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Table 0.-Tuate threshold concentrations of panel of 83 adults for N30I

Conoentrations mg/i

Mean Median Rease

e01 01 3l01 31 a 01 01

Dilemeis from distilled
water etDO ------- 160 97 100 61 70-600 42-364

Slat tests identifid --------- 870 530 650 a"8 200-2,800 120-1,216

Table S.-ITaies threshold concentr~ation of malt and ions in water

Threshold concentration-mg/1

salt cation Anion

EsOL--------------------------------------- 348 136 210
KOL----------------- ---------------------- 660 340 810
010 4- -- - - - -- - - - -- - - - -- - - - 347 128 222

X1 04---- -- - -- -- -- -- - -- -- -- -- 800 100 400
WS OO1 ----- -- -- -- -- - -- -- -- -- - 1,060 290 770

liene Locklt. X. M., Tooker, C. L., and Merutt. M. C'. The effect of waow Impurities on the flavor of brewed
cedoo Food samuob W.i U1140 OON).

Table 4.-Bolida and ion concentration of wells "s related to presence or absence
of laxative offet$

Number Lazative Rfeacts Percent
Determination Ranges mg/i of Wells ______ present of yes

in range not answer@'
Yes No stated

Total dissolved solids- 0-1,000 51 8 87 9 12
1,000-2,000 72 12 48 18 91
2,000-3,000 62 28 21 16 54
3,000-4,000 80 13 11 8 54

over 4,000 33 14 4 18 78

Magnesium plus
sulfate---------------- 0O-00 81 9 84 a 21

g0o-S00 48 7 27 11 21
500-1,000 be 11 88 17 20

1,000-1,500 36 18 10 8 84
1,500-2,000 14 6 4 4 60
2,000-32,000 21 13 3 6 81

ever 3,000 14 6 1 8 83

Sul1fate ------- 0-200 be 10 36 10 22
200-60 47 9 as 10 24
800-1,000 56 13 26 17 33

1,000-1,800 34 16 10 a 6s
1,800-2,000 16 9 4 3 69
2,000-8,000 20 9 3 8 76

over38,000 8 3 0 b 100

ITbhi powmntug is bosed= lo hctoll of yes and no amnwer,. it Io probable that a sews proportion *( the wells
for which no ruateasaot were wre tly used as water suppliesa.

Source Moore, Rdward W., Pbyulolouica efflatt of the consumption of Waine drinitint water,a ree.eptt
the Subcommittee on Water Supply of tha Commite,s son Sanitary Knglnverloa and Rnivircrnment. C= =ulleeae
Councl IO)
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S,•• CW •IUJ• The most recent study by MacKenzie. BDyrrum,
et al. was designed to determine the toxicity ofThe limit of 0.05 mg/ for ch ium as hevalent chromate Ion (and chromic ion) at various levels in

chromium ion appearing in the U.S. Public Health the drinking water of rats. This study, like a num-
Service 1946 Drinking Water Standards was based ber of previous ones, showed no evidence of toxic
on the lowest amount analytically determinable at response after 1 year at levels from 0.45 to 25 mg/l
the time It was established. At present, the level by the tests employed, viz., body weight, food con-
of chromate ion that can be tolerated by man for sumption, blood changes, and mortality. However.
a lifetime without adverse effects on health is un- significant accumulation of chromium in the tissues
known. A family of 4 individuals is known to have occurred abruptly at concentrations above 5 mg/l.
drunk water for periods of 3 years at a level as Unfortunately, no study was made of the effect of
high at 1 mg. chromate/1 without known effects on chromate on a cancer-susceptible strain of animal.
their health, as determined by a single medical ex- It would appear, however, from this and other
amination. The family continued to drink the water studies of toxicity, that a concentration of 0.05 mg/i
which, when sampled later, contained 25 mg/l. No is sumciently low to cause no effect on health.
continued medical observation of these individuals The possibility of dermal effects from bathing in
was made. water containing 0.05 mg/i would likewise seem

When inhaled, chromium is a known cancerigenic remote, although chromate is a recognised and po-
agent for man. It is not known whether cancer tent sensitizer of the skin.
will result from ingestion of chromium in any of Chromium Is not known to he a common or signif-
its valence forms. According to Fairhall. trivalent cant element in food sources. That which may he
chromium salts show none of the toxicity of the fand in food qu ries In whivale
hexavalent form. particularly the highly insoluble found in small quantities in food is in trivalent
salts. Trivalent chromium moreover, Is believed form, is usually adventitious, and arises chiefly from
not to be of concern in drinking water supplies, cooking in stainless. t -- ware. Neither the amounts

SChromium is not known to be either an essential nor the assililabilh, ýre known to be of any hy-
or beneficial element in the body. gienic significance.

Limits and Range Relative to Chromium Water Standards

Threshold range for color ------------------------------------ - 1.4-11 mg/l
Threshold range for taste ---.-------.------------.------------- 1.4-25 mg/I
U.S. urban air concentration range (1984-O5) -----.------- 0-0.29 ur/m3
Average urban air concentration (1954-56). --------........... 0.007 ug/mg
Chromium content of cigarette tobacco -------- _------------- 1.4 ug/eigarette
Chromium in foods cooked in stainlees-eteel ware ------------- 0-0.36 mg/100 g
Chromate concentration toxic to fish ----------------------- -900 m4/lChromate concentration toxic to Daphnia Magna --------------- 0.05 mg•/Chromate concentration range in surface water -------------.-- 0-9.3 mg/li

CALCULATED MAXIMAL DAILY INTAKE OF CHROMIUM FROM
VARIOUS SOURCES

(Approximate Values)
Food cooked in stainlees-steel ware ---------------------------- 10-26 ug
Water ---------------------------------------------------- 2 ug
Air ---------------- . 0. ur
Cigarette ... .. 10-is ug

COPPER The average daily urinary excretion is in the order
of 1.0 mg. the remainder being eliminated in theIn the Public Health Service 1942 Drinking Water feces. Since the normal diet provides only a little

Standards, the permissible concentration of copper more than is required, an additional supplement
in drinking water was raised from 0.2 mg/l to 3.0 from water would ensure an adequate intake. The
mall. distribution of copper In the body is fairly uniform,

Copper is an essential and beneficial element in except for the liver wher It appears to mulate.
human metabolism, and It is well known that a de-
ficiency in copper results In nutritional anemia in Copper imparts some taste to water but Ind-
infants. The daily requirement for adults has been viduals vary in the acuity of their taste perception
estimated to be 2.0 mg. The children of preschool and the detectable range varies from 1-4 mg/l.
age require about 0.1 mg daily for normal growth. Small amounts are generally regarded as nontoxic
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but large doses am1 produce emeain and pro) sed CYANr.DE
and! admini~strationl may result In HvYw damge. The U.S. Public Healthi Service Drinking Water

2nmmimh as moson does not cocieffint a health Stnad for IM4 contain no limit for cyanide.
herard but Imparts an undesirable taste to drinlking Sines 19". standards have been developed for cra-
Water, #t Is masmabbe to establ~sh the cocoosnta- nide by other agencies so shown in the following

thm ad I mg/l as the receommended IWlt tabulation.

latomatiomal Stond~ards for Drinking Water, Geneva, (1968)-------- 0.01
3.tborbu dd i (1069) ---- - - - - - - -- - - - - --- -- -- - - - -- 0.01
MO M Standaid (1951) ----------------- --------- 0.9
Ohio Water Pollution control Roard (19)------------------ 0.15
Aft. 31d. lade Rrio-Ontaxio 11"t. 11.0.. (1958) --------------- 0.1
N.Y. Water Pollution central 3D& (19)------------------- 0.1
Poems eN.W. Riversawn (1052) ---------------------- 0.05

The qranlie standards appear to be based on the sonable doses (10 mg or lees) Is readily converted
toxbi*tor ftrSe anod nc. for man. as Is shown by a to thiocyanate In the body. Usually lethal toxic

I ,lsc that follows of the safe, toxic, "n effects occur only when the detoxifying mechanism
lethal does. for fish sand for man. Cyanide In rea- is overwhelmed.

Oral toxicity of cyanide, for man

DorageResponse

92."-.7 mg/dayv------------- Noninjurious.
10 mg, single dome.----------- NointJurioua.

= 9 In water ------------- Calculated from threshold limit for air to be safe.
5-mg, single doee-----Fatal.

Toxicity of cyanide for fish

Cyanide in mg/I Time of exposure Fish species Response

0.05 --------------- 190 hours---------- Trout --------------- Death.
0.1-0.2------------- 1-9 days--------- ------ do------- --------- Do.
0.196-------------- 170 minutes ----------- do--------------- Overturned.
0.1786-------------------------------- Dluegilla, Sunfish -- Toxic limit.
1.0 ---------------- 920 minutes -------- Trout --------------- Death.
10.0 --------------- 90 m~inutes-----Cr---------Do.
0.029--------- ----- 27 days---------Trot= ------ Survival.
0.4 --------------- - 96hours------Uu---------- ------ Do.
0.85-----------------96 hours ----------- uleas------------DO.

Because proper treatment will reduce cyanide FLUORD
levels to 0.01 mg/1 or less. It Is recommended that
concentrations in water be kept below 0.01 mg Fluoride In drinking water will prevent dental
C1111. caries. When the concentration Is optimum, no Ill

For the protection of the health' -,f human popula- effects wlill result and caries rates will be 60-45
tions, concentrations above 0.2 L%ý CvII constitute percent below the rates In communities using water
grc _us for rejection of the supply. This limit supp9lies with little or no fluoride.

shoud povie afactr o saetyof aproimaely Excessive fluoride in drinking water supplies pro-
shoulnd provie at fators of seauset of appraxidatly duces obJectionable dental fluoroesl which increases
fatand effet ofcatntise lrovel bchuseofinthen randly with increasing fluoride concentration above the
fautral efetof cykalnde. Proper chllorinationyaunderto rcomnmended upper control limits.' In the United
netalew beor alklie rconditinse w i redu e anude t States. this in the only harmful effect observed to
oa lvl beowic theo rcaomen clrded limit.lorenacteo result from fluoride found In drinking water. Other
oratoxucit of hyanogen chlrie, the chlorxinatlyone expected effects from excessively high Intake levels

twentieth that of h~ydrogen cyanide. See Tal 1, fao no -rtile (3) ()3 of Ohaptet 3.
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are- (a boe cange whn wtercontaining 6420 limit& Is a cuimulative paen. bening gaSy s
mg narle pe Me (6 p Wm) Is consumed avm suit frain an accumulation In the body of We.d ab-

a long Speriod of time (b) cripling fluorosis when sorbed In suficient quantities froms any amk or ail
26 or amor mg of fluoride fromk all sources Is con- of three common sources: food. air, and water. In-

sumd per day far 20 or mean years: (C) death cluding that used In cookin and lit beverages. A
wbe 2,2A 4.6 uW g at fluoride (5.00-10,000 mg fourth, but variable swarm of Intake In Inhaled
sodium fluoride) Is cosuasimm in a single done. tobacco macke, fteept In certain oceupational

The optimum fluoride level for a give community conditions, absorption of lead through the *1.1.I
depends on climatic conditions because the amount; not of general public health importance.
of water (and consequently the amount at fluoride) The total mnount of lead taken Into the body
Ingested by children is primarily Influenced by air from them sources as modig"e by absorption and
tenperature. Many communities with water suip- elimination. determines; whether the sourees of ez-
ples containing 1mms fluoride than the concentiation posure have been excessive and produce poisoning,
shown au the lower limit for the appropriate air or may be toleratedl without effect throughout a
temperature range' have provided fluoride supple- lifetim.
mentation. Other communItUe with eXOemively The daify intake of Iead that may be tolerated
high natural fluoride levels have effectively reduced without effect throughout eakch decade of life is
fluorosis by partial defluorldatlon and by change to not precisely known but a value may be determined
a water source with moeacceptable fluoride con- from the following Information.

centrtion.1. The amount of lead Ingested in food and bever-
]RON age by adults In good health in various Parts of the

~ h~gly ~United States has been shown by Kelme and &am-Bothiro an mananee m h ojecionbla cistern to vary from lees than 0.1 mg to more than
consttuents In water supplies for either domestic or 2.0 mg/day with a mean value of about 0232 mg/day.
Industrial use. The domestic consumer complains At these levels. excretion keeps Paw With Intake,
of the brownish color which iron Imw tolan and If any accmulallon of lead occur It In Inter-
goreP goods. Iro appreciahl." affects the taite of nittent andl of no hygienic signiflocanc.
beverages. 2. when, under experimental condition, the daily

The taste which Iron Imparts to water may be de- Intake of lead from all sources amounted to 0.5-0.6
scribed as bitter and astringent. Idvduals vary ing over a long peio of time (1 year or more).

P in their acuity of taste perception, and, it Is difficult a s 11allmount Is retained in normal healthy adults
to establish a level which would not be detectable but produced no detectable deviation from normal
for the Majority of the population. A study by the hea lth ndirect evidence traim industrial workers
public Health Service Indicates that the taste at exposeod to known amounts of lead for long periods
Iron may be readily detectedl at 1.8 mg/I In spring was consistent with them findings.
water and at 3.4 mg/I In distilled water. 3. Aprcal Increases In the daily intake of

The daily nutritional requirement in I to 2 mg lead above 0.6 mng daily result in body accumulation
but intake of larger quan~tities is required as a result at rae that Inreas as the daily done Increases.
of Poor absorption. Diets contain 7 to 25 mng per fro dat from balance experiments
day and average 16. The amount of Iron permitted ovra5yrpeidnictbtontpo.,tt

in ate byqulit cotrl t prven ojecionb1 an Intake appreciably In exces of 0.6 mg/day willtaste or laundry staining (as; much as 0.3 g/ result In the accumulation of a dangerous quantity
constututes; only a maln fraction of the amount nor- of lead In the body during a lifetime.
ma.l consumed and Is not likely to have any toxi- TeInaeoladfmfodoucsi r-
cologic significance. 4 h naeo edfo odeucsi rb

Whereas the U.S. Public Health Service IMG ably approaching an irreducible minimum-. on the
Drinking Water Standards set a limit of 0.3 mg/1 other hand, the number of sources and the extent
for iron and manganem combined. It Is recoMI of 'lead exposure are increasing. The atusoepbere
mended that a limit be established for each and that Is one of them. Over the pas decasde, doe amount
the concentration of Iron be limite to 0.3 mg/l. of atmospheric lead In many cities has Increased

more than tenfold, from a few tow of micrograms
LE'ADb (ug) per cubic meter (in) of air to'skort then 15

Lead taken Into the body can be seiul nui ug/ma In some cities on repeated occasions The
ous to health, even lehl If tae In by eihe brief national average for urban satomsphere is presently
or Prolonged exposure. Prolonged eposure to 1.4 lg/rn. Wide variations in these Valsexist
relatively small Quantities may result in serious throughout the nation because the sources are
Maness or death. Lead taken into the body in Quss- largely unregulated anad are Inereassfn at different
Utise In excess of certain relatively low ,normal rates In different wrew from vehicular trafti. If

______the average daily Intake of air ot an adult in 30
180 Tate 1. follewing hldh 3-811(5P (b)3 of Cbapter S. cubic meters, then the daily addition to the body

Aun~e IMe 5-45
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ofade Inled from the atumehere could be of to cne-fith this value, provided the water Is not
go ad. of Mwal Uesrawpm 00 a few tiee cc stored In lanks Painted with oil-bae lead paint

uheepeniding one lisation. Thm as (Type D) or provided thatl the piping anid fixture. are
avelliat 16 ipeet retamm of that which not of Iead or bead alloys. However, a Principal

as WA~inI bnkisss - of leatId In municipal drinking waters Is lead
L. le manom of lead In cisarefte tobacco smoke Pipe and boosenecks In house servses and Plumbing
Noban sepmeIed in be as hig soC. 03 tuff. In 0011010. The practice ot using lead Pipe as still

a ha-n3 amcker. a Dow mlerogpoe per day OWNl permitted by many Plumbing codes. Normal adults
be adde in, The Inad beft burden assumng 10 per- In the temperate zone drink quanlitlee of water,
amt uesa 41 of e towa smoke Inhaled. ranging fr omw. than I to more than 3 litersday,

Pbod =Matale ad In owidl varying amounts be- the &versag being taken as 2 liters. This Is In addl-
eame of Owe natural and unavoidable content; of tion to the water used in cooking anW in other hey-
Inad IR bfoods the Inevitable contamination with aerags. Thus, water can contribute a subetantial
lot MW reslts injientall from procesing and prooortion of the total daily intake of lead, depend-

.ng and the residue from Insecticidal spray- Ing upon the concentration of lead therein, the
lo mi deilug. Cortain foods. In particular thooc envirm ~enual temperature, a" physical exertion.
vits we more seriously and unavoidably contami- Inaa15Mch as three of the four sources of lead
inatsd ane required by law to contain by analysls no Intake In the human body-Ingested foodstuffs, In-

moe then a prescribed concentration of lead. The haled atmosphere, and tobacco smoke-.ar for the
faede mder regulation make up a relatively small most Part unregulated In their lead content, and be-
poM 'M of the average normal diet. Consequently, cause the total daily Intake of lead which results In
only pwtWa eamrol Is exercised over the lead Intake progressive retention of lead In the human body
frogs food ,cereFs. The foods that oontr~bute the appears to be lees than twice the average normal
grae ipont'm of the diet contain concentrations of intake of lead In adults in the United States, con-

ked wahs are considered to be normal (that Is, Centrations of lead In drinking water greater than
zateral or incidental) but In any case unavoidable 0.05 mg/i constitute grounds for rejection of the
(under 0.2 puss, and usally well under 0.1 ppm).- Sppy
7he total Intake of lead from these foods is coy- I osnnewt hslmtI h eotdnd
mnd by the quantity end qult of th oon in consonancterwith thismlimitisn the reortedicfind-e
-eI I and by contamination with lead In the han- Igta atra eopsto fogncmte
dbag OWi preparation of th food is Inhibited by lead concentrations at or above 0.1

The head concentration in surface and in ground mg/i. Lead In soft water is highly toxic to certain
dri*nkin water ouesIn the Uinited States In 1940 fish; 0.1 mg/i is toxic to small sticklebacks. larger
rarnd from trce to 0.M mg/i, averaging 0.01 fiah Sre somewhat lees susceptible to lead. Calcium
rn/i. It is now not uncommon to find the lead con- Ion at a concentration of 50 mg/i removes the toxic
tent of water in urban supplies to be krm one-half effect of I mg/i lead for fish.

Limits and Mange. of Lead, Affecting Health

Physiologically safe to water: m/
XAMOUM-------------0.05 m/

Short, period, a" fe2ek -4 mg/i
Harmful range In water-

Borderline --------------- 92-4 mg/I for 3 months.
Toxi e------------------- 8-10 mg/i, several weeks.
Lethal------------------- Unknown, but probably more than 15 mg/i, aeveral

wookal
XEANGANUZ ful when Ingested. The principal toxic effects

Thee ae wo eeonsfo liitng heconcentra- which have been reported are the results of In-Ther amtworeaons or imiingthehalation of manganese dust or fumes. It has beention of manganese In drinking water: (a) to pro- etimated that the daily Intake of manganese from
vent eethsef and economic damage, and (b) to avoi a normal diet In about 10 mg. In animals, at least,
aMW Possible physiologic effects fyrom exesv It hae been shown to be an essential nutrient, since
Intake. eereotdtamiueaons diets deficient In manganese interfere with growth,

manganese cause diaculty in water quslity control, lo.adbn omto n erdcin e
The domestic consumer finds that It produces a patio cirrhosis has been produced in rMat when
brownish color in laundered goods and Impairs the treated orally with very large doses. As far as Is
teats of beverages including coffee and tea. known, the neurologic effects of manganese have

Iro the health standpoint, there are no data not been reported from oral Ingeolion in man or
to Indicate at what level manganese would be harm- anml
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The Principal raoon for lilmiting the concentra- of produilng cyanosis In Intsuld. Variouis Bombt

NeD Ot Manganese Is to Provide water Quality son- American countries have secommiandoi maxlmin
wt end s thus reduc. th sithatic and economic permissble lovle at from Si-US mi/i Dnita
PrdAIs ("WO (0.141 mgwl nctrate nktroftw.

The UA Publis Nmith 11orlh Drinking Water Cases of inteantie nitrate poflbg hav be" an
Standards (1346) state that iron and manganese reported to arae from concentrations ranging from
togefter should not exceed @3 mg/L In a survey 15-210 or ame mg/i nitrate nltr~gm (asually with
of 13 States reporting an leisk of Manganese sir- traces at nitrite Ion) In instanoes In which Mhe
Ing rim to water quality Problems, only 3 States water was analysed up to 1952. accordling to Camp-
recommended levels as hig as 0.2 mg/i. 2 permitted bell. Campbell himself reported a ams from, 1nen-
0.15 mg/i and 4 each permitted 0.1 rag/i and 0.06 Ing water with 263 mg/i as nitrate nitrogen (116
mg/I respectively. Domestic complaints srise tag/i nitrate Ion).

w~the level of Manganoe exceeds 0.15 mg/I According to methods of analysis commonly a-
regardless at Iron content. Orlfn. in reviewing ployed for nitrate to water. the presence ot spored-
the significance of mnganenese as chairman of the able amounts of chloride would result in an err.n-
task group on 'Manganesee Depos=itnIn Pipelines," eously low value for nitrate, and the presence of
quoted the belief of certain water utility men that considerable amounts of organic matter would give
water to consumers should be free of manganee, an erroneously high value for nitrate. lnsufflicent
For some industries, this Is Imperative. However, attention has been given this Importan factor In
Oriffin believes that concentration of Manganese evaluating permissible safe levels of nitrate In
could be tolerated by the ajerage consumer at water
0.0140.02mg/i. Nitrate poisoning appears to be confined to Ini-

In view of the above and the diffculty of remov- foants during their firs lew months .1 life,, adults
min manganese to residual concentrations much drinking the same water are not affeated btr breast-
low than 0.05 mng/i. and measuring such concen- fed infsnts of mothers drinking such water may be
trations. manganese concentrations should be poisoned. Cows drinking water containing nitrate
limited to a maximum of 0.05 mg/I. may produce milk sufticiently high In nitrate to

result In infant poisoning. Both man and animols
NrrTRAT can be Poisoned by nitrate if the concentration Is

Serious and occasionally tatal Poisonings In In- sucenl great,
ftvite have occurred following Ingestion of well Among the more acceptable hypotheses for the
waters shown to contain nitrate (NO.). This has specficity of nitrate poisoning of infants is the
occurred With susfcient frequeny aw. sra following: the gastric, free acidity of infants Is low
geographic distribution to compel recognition of (a PH of 4 or greater), permitting the growth of
the hasard by maimngn a limit to the concentration nitrate-reducing flora In a portion of the gastro-
of nitrate in drinking water. Intetinal tract from which nitrite absorption can

rom 1341 to 1360, 133 case of methemoglobin- occur. Ut Is also stated that fcetsl hemoglobin
emla. Including 14 deaths due to nitrate In farm form methemoglobin more readily than the adult
well-water supplies, hae" been reported in Mlx- form
nesota, alone. Wastes fro chemical fertiliser According to a recent study from Germany. the
Plants and field fertilization may be sources of p01- pimary causes of toxicity are an elevated nitrate
lution. The causative factor poucing serious concentration and the presence of an unphysilooglc
blood changes In Infants was firs reported inIt amfount of nitrite-forming bacteria, especially in
In polluted water containing 140 mg/i nitrate nitro- th upe Pocrtion of the digestive tracrt, Members
gee (NO,,N) and 0.duigf nitrite (Not) ton In one of the coliform group and the genus Clostridium
case; In the second case, 90 mg/i nitrate nitrogen arn capable of redcing nitrate to nitrite. In in-
and 1.2 mg/i nitit Ion Sin ' thi reotmny fnts whose diet is mainly carbohydrate. at Is be-
Instances Of similar occurrences have been recorded lieved that the coliform, organtsms are the group
not Only In this country but In Canada. Gret Brit- responsible; organisems capable of reducing nitrite

Mu. OWU, Geman. Noothr contres.to nitrogen are not normally Present in the Infant.
sin, helgium, OsmDrinkand o ather countaries. o Careful Measurement of a number of other con-
19he Iternatgional DrinkingrWaterI Sotand tards iuntin2 offedn well waters, nitrite, am-
1366stionof cognzaceon taien proble in notin tat monia. ch"ride, and organic substances. fsiled to
nesio ofI watex otann nitrate) in give1 "at reveal a casual relation of these substances to the

- ~~but have included no liit& ere are no reports ofmtxeoihiei in
limit of 20 mgf/i nitrate nitrogen has been suggested infants fed water from public wateor suppl ie n th
In tngland. Elsewhere nitrate nitrogen conoentra- United States, although levels of nitrate in sm
lions In Wce. Of 10-20 mg/i are considered capable may be routinely in excess of 45 gli. This may
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Whefte 0t well waler for analysis has ofHen been frequent lack 09 ablention to possible Interfering
.0=11 806ed W tha SoO 441 yas Y O- faetorscr In the analyasis the health af the Intent. End

beaftac to nvehidid rwas~efm =OM a the insertain mnlence of assciated bacterle pi-
Mas o cc ~awI H o in rate Oemnksaft in lution, 10 mg nitrate nitrogen (or 46 mg ' -at)
she ss w.L 2me ~saws s'aosi with per liter of wate in a limit which should not be
Iajew Ism ft h ikdw Inulen c I t in dsemi,- exceeded.

thet O Oth 4116 hste r Is filuire to *mes- At present there Is no methed of eoonomlcajl re-
u~t. ~~1s~iesI~wm.moving excieed amounts of nitrate Fro water.

BaMhm Miraft has been fed to raob for a lifetime nt is Important. theirefore, for heamt authorities in
w0o Mg s eI ects at levels below I percent area in which nitrate content of water Is known to
(10.0110 Mis) In Ondiet; 2 dogs tobiated for 101 be In excess of the recommended limit to warn the
and 1X daa.rspwectively. 2 percent nitrate In the population of the potential dangers of using the
4M wI f eft an blood or other adverse water for Infaftt feeding and to Inform them of aI-

Sede. - 'ternative sources of water that may be used with
1111i e In sioafly danigerous In water supplies. safety.

A meftcnentriahmthaicons Oat La afwll e iits and Ranges Related to Nitrate Water
at so ftaf dos"gOicne. nevertheless.

GMa enter water supplies Igdverently as a sadr
result of intentional addition to x"Iate supplies Average concentration adult human blood: 10 ug
aasecwerrlonarent. nitra~td/100 nl (0.1 ppm).

A limit of 2W ppm of nitrite (or nitrate) In Aversge daily urinary nitrate excretion: 800 us
cerned produts has been set by Federal regula- (mainly from vegetables).

teon on the baot. that lO0ig corned beed could convert Strined baby foods: 0 (squash. tomatoes)-832
muafyfrom 10-40g hemoglobin to methein0 pm nitrate (spinach).

glbns (1.44.7 percent of total hemoglobin). Adult Green vegetables: 50 ppm nitrate (asparagus. dry
huan blood numailly contain, on the average of weight), 3.000 ppm nitrate (spinach, dry weight).
6.7 percet methemoglobin; the blood of -heavy" Limit of nitrite (or nitrate) permitted In meat
mofemk may 'contain 7-10 percent carboxyhemo- (or fish) products by Federal regulation: 200 ppm.
globin. another blood pigment conversion product
Incapable of trzanprting oxygen. Carbon monod- P MOLB
ide In urban atmosphere adds perceptibly to the

toa iatiepigment. Th umtdblood pig-
mnwt conversion products represent about1 th -1 cresols and xylenols. Both the International Drink-
mum tolerated without headache. ing Water Standards and those of the U.S. Public

Because of the great difference, In molecular weight Health Service of 1948 recommended a limit of 1
between sodium nitrite. 69, and hemoglobin. 6CM. ug/h of phenol In water. This limit is aet because

smal Inremnts f ntrie prduc lage qanttie ofthe undesirabl. taste often resulting from chlo-
mall Irementsbi of nitrite produce lrge qu-antit rnation of waters containing extremely low concen-

hemoglobin). The margin of safety is atil further tratlona of phenol. Phenol concentration. of 5
narrowed In Infants whose blood vahnu In smll u/i or more are Injurious to fish, where"s 1 us/i
their total blood hemoglobin is decreasing after or lees will not seriously affect most fIsh. Concen-
birth (from 17-20g to 1035-12g,, and their foetal trations from 15-1.00 me/i In the drinking water

hemoglobin In more readily converted to methemo- were reported without observable effect on rats for
globin, extended periods; 5.000 us/i appeared likewise to

An1 Instance of nitrite poisoning of children has exert no effect on digestion. abaorption. or metabo-
been reported. The children ate frankfurters -nd hM, but 7,00 us/I arrested growth and resulted
bologna containing nitrite considerably In nexam of in many stillbirths. Thus, concentrations inJurious

th _0_nemitd to health are far removed from those which Impart
Evidence In suport of the recommended limit for unpleasant tast or affect flab. Phenol Is largely

nitrite Is given In detail by Walton in a survey of the detoxified In the mammalian body by conjugation
reported case of nitrate poisoning of Infants inti to far less toxic substances.
country to 1941. The survey shows that no cases of Although additional Information has been devel-
poisoning were reported when the water cotie oped since the 1946 Standard was set, Its nature
lees than 10 mg/i nitrate nitrogen. Walton noes indicates no need of a change in the former limit
however, that In many Instances the samples for for phenols 0.001 us/I (I ug'1).
analysis were not obtained until several months after
the occurrence of the polsonig SELNImUx

In light of the above Information and because of T1he presence of selenium In water has heretofore
the uncertainty introduced by tardy analyses, the been a matter of regional importance. The fact
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that It Is now recogn~sed as being toxic to both man sanity for elastic fibers had been noted a bait-oem-
and aniasmakes it emential that limits be set tuny earlier.
for all water intended for human consumption, A study of the metabolism *I siove fre U*e-

Selenium Is known to produce "alkali disease" in gastric intake in the rat. using radio-811r in warlue-
cattle. and Its effects. liaw those of arsenic. may be free tracer amouts dwhoed abaPuepis to be IMe
permanent. Recent reports Indicate also that, than 0.1-0.2 percent of the sowve adatbld; bat
selenium may increase the Incidence of dental cari%@ this evidence is Inconcusidve becaue ci e rapidW
In man. Of greater Importance In limiting the elimination of siaver wheni given In earnier-bee
concentration of selenium is its potential carcino- amounts. Further study Indicated. however. that
genicity. Rats fed a diet containing varying con- silve is Primarily excreted by the liver. This would

cetratlona of selenium (3 to 40 mg/i) showed toxic be particularly true If the silver Is in colloidal form.
effects at anl levels, the outstanding pathologic Silver In the body to transported chie by th e blood

lonbeing hepatic cell tumors stream In which the plasma proteins and the red

selenium Inwater considered safe for ntenhave omiain.Tehl-ieo mRaonso

been fudtf for fish, silver in the blood streamn of the ra was shout I

ported effeects atreomended tha the limits metho on normal human blood, showed atm un
fo slnview bfte poeedfoteta iser Presen tvlu of aboveM re-th red boodclrtdqetonbyi

0.05 mg/i to 0.01 mg/i and concentrations In excee the red cell ghosts and in the pleesma. Once salver Is

of the supply. occurs In the urine.
MMVZ A study of the toxicologic effects of aflver added to

drinking water of rats at concentrations up to 1.00
The need to ml a water standard for diver (Ag) ug/h (nature of the silver salt unstated) showed

arise from Its Intentional addition to waters for pathologic Changes in kidneys. lipr. and epleen at
dilinfection. The Chief effect of silver In the body 4op,.700, and 1.00 ug/h.
Is cosmetic, which consists of a permanent blue-grey A study of the reaportiont of silver through human
discoloration of the skin, eyes, and mucous mum- skin using radio-silve Ags' has shown none pasaing
Wanes which lsass unsightly and disturing to the the dermal barrier from either solution (2 percent
observer as to the victim. The amount of colloidal AgilO. or ointment, within limits of experimental
slaver require to Produce this condition (argyrla, error ( 2 percent). This would Indicate no signib-
argyrosis). and which would serve as a basis of de- cant addition of silver to the body from bathing
termining the water standard, Is not known, but waters treated with silver.
the amount of silver from Injected Ag-warphena- Great uncertainty, however. currently surrounds
mine, which produces argyrla is precisely known. any evaluation of the amountt of silver introduced
This value Is any amount greater than 1 gram of Into the body when silver-treatied water is aed for
silver. 8g Agf-arsphenamlne In an adult. culinary Purposes. it Is reasonable to aessume that

Fr. a review of moe than 200 case of argyria. vegetables belon~ging to the family Urandaceae
the following additional facts were derived. Most such as cabbage, turnip, cauliflower, and onion,
common salts of silver produce argyrla when taken would combine with residual silver in the cooking
by mouth or by Injection. There Is a long-delayed water. The silver content of several liters of water
appearance of discoloration. No case has been un- could thus be Ingested.
covered that has resulted from an idiosyncrasy to Despite these uncertainties and the preset lack
Silve. There was, however. considerable variability of appropriate drinking water studies, it Is poesible
In Predisposition to argyria: the cause of this is un- to derive a tentative drinking water standard for
known but individuals; concurrently receiving big- silver by usin salver deposited in eesm of Ig in
inuth medication developed argynl more readily, the Integument of the body as an end point that
Although there is no evidence that gradual deposi- must not be exceeded. Asmmingn that aln diver
Uon of silver In the body produces any significant Ingested is deposited In the Integument, it is readily
alteration In Physiologic function, authorities are calculated that l0 ug/i could be ingested for a
of the opinion that occasional mild systmic: effects lifetime before Ig silver it attained from 2 liters
from sllv& may have been oversadwowed by the wMatr Intake per day; 50 ug/l silver could be In-
striking external changes. in this connection. there gasted approximately 27 years without exceedingII ia report of Implanted silver amalgams resulting silver depostion at Ig.
In locallsed argyria restricted to the elastic fbers Beesaie of the evidence that salver, once absorbed,
sAnd cap ~iNre. The histopathologic reaction re- is held indefinitely in tlinb, particularly the ln,
seesblsd a blue nevus simulating a neoplasma with without evident Ice through usual channels ofI filamentous structures and globular masses. Slaver elimination or reduction by transmigration to other
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I l s, and bela s of So Probabl Meremad allowable 6.01 m admium per liter when adIRn.- u om f c i aersr diver-mbond saor omra- coetanlnatim of the zinc Is as high a 0.03 per-
, K goIed eseh in digra wd waters, the cent. Lkewise. Ied concentrations would likely
A for whie saorpta wea• reported In 1M6 Ibe increased by somethAng les than the allowable

t in "M to " usor day; and beceuse of the 065 mg/I when lInd contamination of the zinc i
abaf eakedaies. a ecmeeato•M in exces 50 ug/I as high as 0* percent.
Is paena fborr•et the n upo.

LUmits and Ranges Relative to Sine Water
UEC Standard.

Lbnl jor omcentraUm of s in drinine Fbod--l4,4ma/l
watara have been established as follows: (a) lar(hen) -lig
U 38 DrbIftg Water Standards (134M), 15 mg/i; d content of galvanised pipe: 0.014-0.04 percent.
(b) Ohio Od North Dkot 1 mg/1; (e) Interns- Average 0.02 percent.
tdonal Drinking Waer Standards (IS). Paumla Pb content of galvanized pipe: 03"-0.6 percent.
lbls-4 mg/i bnd nesmsive--1 mg/1: (d) variom Average 0.45 percent.

loath Amearican Countriu, 5 to 15 m/I. Urban air concentration: Average 2 ug/rm.
Zie Is an emential and beneficial element In hu- Concentrations toxic to f1sh: 0.3-4 mg/i, depend-

man metabol.m The daft requirement for pre- Ing on degree of water hardnesa.
abool-age children 1I 0.3 mg Zn/kg. Total sine in Drinking water containing 50 mg/i (as sulfate)
the adult averag 2g. Zinc content of human ts- was not harmful to rate which used It for 6 weeks.
sow ranges from 10-200 ppm wet weight, the retina
at the eye and the Pmstate containing the largest -- R"1OACTrVrT
concentrations (500-1.000 ppm). Three percent of
all blood zinc is In the white blood cells. The dail The effects of radiation on human beings are
adult human intake averages 10-15 mg; excretion viewed as harmful and any unnecessary exposure to
of sine averaes about 10mg daily in the feces and radiation should be avoided. In this dicussion we
0.4 mg in the urine. Zinc deflcency in nimals are concerned with radiation from radioactive mate-
leads to growth retardation that is overcome by rils in the environment, particularly in water, food,
adequate dietary zinc. The activity of several body and air.
ezmes is dependent on sznc. The development of the nuclear industry has been

A roup of individuals stationed at a depot used attended by a small, unavoidable increase of radio-
a drinkin water supply containing zinc at 23.8 to activity in the environment. Nuclear weapons test-
40.8 mg/i and experienced no known harm•fi of- Ing causes an increase of radioactivity from fallout.
fect, Communities have used waters containing Exposure of human beings to environmental sources
fo 11-27 mg/i without harmful effects. Another of radiation should be minimized Insofar as Is tech-
repoz stated spring water Containing 50 mg/i was nically and economically feasible.
med for a protracte period without noticeable The Federal Radiation Council has provided guld-
harm. On the other hand. another supply contain- anee for Federal agencies conducting activities de-
Ing approximately 0 mg/i was charned to cause signed to limit exposure of individuals of population
nuses snd fainting, groups to radiation from radioactive materials de-

Zinc selts act as gastrointestnal Irritants. Al- posited In the body as a result of their occurrence In
though the inness is acute, It Is transitory. The the environment.
emetic concentration range in water Is 675-2-230 The following recommendation of the Federal
mg/l. In tests performed by a taste panel, 5 per- Radiation Council is considered especially pertinent
cent of the observers were able to distinguish be- in applying these Standards:
tweln water contatning 4 mg/i (when present as "There can be no single permissible or accept.-
zinc sulfate) and water containing no zinc salts. able level of exposure without regard to the reason
Soluble zinc salts at 30 mg/l impert milky appear- for permitting the exposure. It should be general
arme to water, and at 40 mg/l. a metallic taste. practice to reduce exposure to radiation. and posd-

Inasmuch as zinc in water does not cause serious tive effort should be carried out to fulfill the sense
effects on health but produces undesirable esthetic of these recommendations. It is basic that exposure
effects, it is recommended that concentrations of to radiation should result from a real determination
zinc be kept below 5 mg/l. of Its neeemity."

Cadmium and lad are common contaminants of The Federal Radiation Council criteria have been
zinc used in galvanizing. Assming that zinc is dis- observed In establishing the limits for radioactivity
solved from galvanised water pipe no lees than in the Drinking Water Standards. It should be
cadmium, dissolution of sinc to produce 5 mg/I noted that these Federal Radiation Council guide
would be accompanied by something lees than the apply to normal peacetime operations.
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The Federal Radiation Council guides are predi- tien was defined. which represented a graded smos
aaed upon three ranges of daily intake of roAil- of centrol procedures. Thes ane showns by the
activty. Fors each range, a measure ot control as- fotwfing table:

Table L-Graded "sifts of &**ion

Ranges Of transient rat"s orade emaw of "tiss
of daily Intake

Range I ----- ---- Poriotodi GonirMaUtoY SMEVVeIfaa 0e nsOsaSry.
Range U ---------- Quantitative eurveillanee s"d rotin. e"ntroL.
Range M ---------- vahmaioen and applisation of additional .enttcl

macnsu asnecesary.

The Federal Radition Council further defined the to reduce the levels to Range 11 or lower and to pro-
action to be taken by stating that: "Routine control vide stability at lower levels."
of useful applications of radiation and atomi energy The radionuclide Intake ranges recommaended ana
should be such that expected average expoesures of the sum of radioactivity fto air, food, and water.
suitablie samples of an exoe pouaingo Daily Intakee were prescribed with the provision

that dose rates be averaged over a period of one
will not exceed the uipper value of Range 11. year. The range for specific radionuclidues recoin-

turthermore, they recoanmended, with respect to mended by the Federal Radiation Council are shown
Range HI. that -Control actions would be designed in the following table:

Table IL-Ranges af transient rates of intake (misromicrocurieg per day) for use
in graded smsle of actions sumnmarized In table I

R.adionuclides Range I Range II Range I

Zadium-216 --------------- S-20 90-200
Zodine-i31 A -------------- 0-10 10-100 100-1,000
Utrontium-90 -------------- 0-30 90-300 200-3,000
strontfunm-8-------------- 0-300 300-3,000 3,000-30,000

Ijath m ofIobei~t te nitbi uapt sal bidebd sabohfdree. Poroduta the RPO bre the bjcdd

The Advisory Committee. in considering limits that RAdiui-220 from sourcee other than water
which should be established for drinking water. rec- Is greater than usual. levels ama hae" to be reduced
omtmended limits for oray two of the above nuclides, below the above limit using the titde established
Ralium-226 (3 ppc per Uier) and Strontium-SO by the Federal Radiation Council.
(10 ppe per liter). Iodlne-1Sl is not found In dg- The principal source of Strontium-SO in the
nificant quantities in public water supplies fre- environment to date has been due to fallout from
quently enough to call for routine monitoring and weapon tests, and human intake of Strontium-SO
Strontium- levels are not likely to be signiflcant to date has been primarily fro food. In recogni-
unless Strontium-9O levels also ana high. tion of this fact, the limit for Strontium-U0 in

In the case of Radium-226. above-average levels water has been set at 10 pob/llter. a limit subetan-
of Intake renerafly occur only In unusual situations tialhiy higeri thant the highest level founzd In public
where the drinking water contains naturally oc- water supplies to date.
curring Radium-22S in greater than average Th Stnad recogized the need to provide
amounts. as In the case of certain ground wat guidance for those situations where the limits ane
or from the pollution of the supply by indutria exceeded. In these Instances, the Standlards pro-
discharges of waste containing radium Wit thi vide fto, the continued acceptance of th wate =up-
in mind. a limit of 3 S /ie has been set for Ply if radioactivity from all other sources in addi-

Radlu-226 tion: to that from the water does not exceed Intake
Radim-22 indrinking water. If one saeimes a levels recommended by the Federal Radiation Court-

daily Intake of suich drinking water of about 2 liters cl for control action (the upper limit at Range
Per day. this would resul In a daily Intake fro 11). It is easntial In such Instance for the cer-
WaSe of 6 mic which falls In the lower portion of utiting authority to determine with reasonable
Rang U1 In the above table. if there is evidenes confidence that this latter condition is met.
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A*ImaO a peat mw- at railammliel~s maty be used. When nzmixue of railonuoules awe preset
1IU Im waifg OMIt bas VA& bas MU- the Psmmibab concentration of any single nuclife

ddumm nSOMrWY to eASftmh Ulimit for 8~a& MP- ==9 to be aau by an amoumt determined throtwh
miss. t wat fAvo mo for G&We than the shoe SMUMMlcakeelulatlam In these reports.
WD 94 Me U . 1f sl DSaz conmmWAtm of lb theme Btndad an upper limit of 1.000 c per

ý , a~wi no found in "hale Waer to swat W ltrc grow beta actvity (in the &been"e1 of alpba
shaM" be Made to 1segin - radlommUftea pr*- sites. aSW Strotlm-gO) hase bea met. if this
- eM.. -hf rpee Orbe~~ limit 1s 0=00&dd the speciflo radionucldes present

esss a s nowh as t~eam. =" be Mdentjfled bY complete analysts In order to
k summingU emd at ralam s ftabsi th attattecnenrtosofnch

ftfthmm UKbee USIn these Btandmrde or fo wll noshth proace exosre ao the rec~so=ommended
VWlah g~dian has =9l Yet been providd by the- Mno prodbu~ec OInmabv the retommr~ended
hisral Railadmh Council, it is mmgeste that the ngetbUedithRaaio recm
Tate (Nmw for the 1w-hm week) in taoe I. of kw

on Ns t an S bsArNatlane C0 iac on
Uai fia Poesedlcs or the Nationa Ckommitte 0,'Abam is inftend" to mean at nwHo5biy man fraculm

GIS i~dIOM POW&M adOSW y a ad~r w tf IMIM tb lbOdtr them nuolldm end thg JUnt
pp adbflu forotc~n sfore byWUA~ a ato p- ,,mttm Is taken as the Itetd liit-I

pr~Ata fr ~aueof the general populaion, be for madlm M.
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